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1*  STTRODUCTIOg 


The  possibilities  afforded  by  the  use  of  ducted  propellers  for 
aircraft  propulsion  were  first  demonstrated  by  Laiga  Stipa  in  Italy 
in  1930  (Reference  1).  Stipa's  experiments  showed  sizable  gains  in 
efficiency  at  low  speeds  with  duct  axis  parallel  to  the  free  stream. 
In  19)a lj,  an  extensive  study  of  ducted  propellers  in  axial  flow  was 
conducted  by  Kruger  in  Germany  (References  2  and  3).  When  it  was 
realized  that  these  gains  are  lost  at  higher  speeds,  owing  to  the 
drag  of  the  duct,  interest  in  this  type  of  propulsive  unit  waned* 

It  was  not  until  the  development  of  lighter,  more  powerful  engines, 
which  made  hovering  flight  and  vertical  take-off  feasible,  that  in¬ 
terest  in  the  ducted  propeller  wa3  revived.  Here  the  emphasis  was 
not  on  increased  propulsive  efficiency  at  high  speed,  but  rather  on 
increased  static  thrust  for  hovering.  In  ISuS,  Platt,  of  the  MACA, 
(Reference  li)  made  full-scale  tests  which  showed  a  remarkable  in¬ 
crease  in  static  thrust  per  horsepower  over  the  open  propeller* 

The  application  of  the  ducted  propeller  to  aircraft  which  are 
to  ba  capable  of  both  hovering  and  forward  flight  naturally  raises 
the  question  of  the  behavior  of  the  ducted  propeller  whan  tilted 
with  respect  to  ths  flight  direction.  Ksre-  recently,  wind  tunnel 
data  for  a  ducted  propeller  in  nonaxial  flew  have  been  published  by 
Parle tt  (Reference  5).  Limited  full-scale  data  were  obtained  for  a 
specific  configuration  by  Hiller  Aircraft  Corporation  in  19$U 
(Reference  6)* 


In  order  to  obtain  more  experimental  data  on  a  variety  of  ducted 
propeller  configurations  in  1o>h  static  and  forward  flight  (nonaxial 
flow)  conditions,  the  present  wind-tunnel  program  va3  included  as 
part  of  tha  work  in  Phasa  17  of  Contract  No.  Scar  1357(00),  which  was 
jointly  sponsored  by  the  A rey  and  Navy.  Also,  the  data  were  to  be 
used  to  obtain  stability  derivatives  for  the  calculation  of  dynamic 
stability  and  control  responses  for  the  7  feet  disaster  flying  plat¬ 
form,  Model  1031-A-l.  The  test  program  was  conducted  at  the  David 
Taylor  Kodel  Basin  in  the  return  section  (17  x  20  feet)  of  the  “south* 
8  x  10  Subsonic  Wind  Tunnel  (see  Reference  7).  Tests  were  made  for 
the  static  condition  (both  inside  and  outside  ths  tunnel)  and  for 
three  advance  ratios  at  various  tilt  angles  and  propeller  blade 
settings  sufficient  to  cover  the  maxiEuxa  efficiency  conditions  for 
each  configuration.^- 


curing  the  progress  of  the  present  progrsn,  results  of  additional 
ducted  propeller  experiments  in  nonaxial  flew  have  become  available 
(see  References  8  and  y)» 


Independent  force  and  moment  measurements  were  obtained  both  for 
the  duct  in  the  presence  of  the  propellers  (with  the  electric 
housing  in  the  slipstream)  and  for  the  total,  model.  Also  measured 
were  the  model  po*er  and  the  slipstream  flow  characteristics. 

The  roduced  test  data  have  been  plotted  in  non-dtosnaional 
coefficient  fora,  except  for  the  alipstrean  characteristics,  which 
have  been  tabulated  in  terms  of  local  flow  angularity  and  local 
dynamic  pressure. 
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Duct  h’o.  1,  Modified  MCA  6121  profile  (see  Table  1) 
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Table  6), 
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Duct  thrust  coefficient. 
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Total  lift,  lb  (perpendicular  to  tunnel  axis,  positive  as 
shown  in  Sketch  1) 


Duct  lift,  lb 
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-  Distance  between  duct  leading  edge  and  shank  centerlines 
(reference  lino)  of  the  rear  propeller  blades,  in  (sea 
Table  6) 
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Figure  of  merit,  jj  Ta^-ue  with 

no  diffuser,  according  to  simple  momentum  theory) 

Total  pitching  moment,  ft-lb  (positive  when  tending 
to  decrease  a;  see  Sketch  1} 

Duct  pitching  moment,  ft-.lb 

Propeller  pitching  scraent,  ft-lb 

Total  number  of  blades  in  a  set  of  contra-rotating 
propellers 

Input  power,  ft-lb/sec 

Constant  chord,  untwisted,  3-bladed,  contra-rotating 
(paddle-blade)  propellers 

Twisted,  2-bladed,  contra-rotating  propellers 
Twisted,  3-bladed,  contra-rotating  propellers 

Twisted,  3-bladed,  single-rotating  propeller  (P,  with 
rear  propeller  removed) 

Component  of  local  slipstream  dynamic  pressure  lying  In 
a  longitudinal  planaj lb/ft  (see-  Sketch  2) 

Component  of  local  slipstream  dynamic  pressure  lying  in 
a  lateral  plane j  Ib/ft  (see  Sketch  2) 
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Local  slipstream  dynamic  pressure,  lb/ft  (see  Sketch  2) 
Duct  minimum  inside  radius,  ft 


Polar  coordinate  of  lermiscate  inlet,  in  (sea  Table  3) 
Propeller  rotational  spee d,  rev/min 
Average  clearance  between  duct  and  propeller  tips,  in 
Propeller  'hub  spinner 

Total  thrust,  lb,  (parallel  to  propeller  axis,  positive 
as  shown  in  Sketch  1) 

Duct  thrust,  lb 

Propeller  blade  thickness  ratio  at  the  propeller  0.7 
radius  station 

Wind  tunnel  airspeed,  ft/sec 

Exit  vanes  (subscript  denotes  vane  deflection  angle) 

Distance  along  duct  chord  line  from  leading  edge  of  air¬ 
foil  profile  ducts,  in 

Ordinate  of  duct  inner  surface  eeasured  perpendicular 
to  duct  profile  chord  line,  in 

Ordinate  of  duct  outer  surface  measured  perpendicular 
to  duct  profile  chord  line,  in 

Tilt  angle,  deg  (angle  between  duct  acd.3  and  the  noraal- 
to-the- tunnel  axi3,  positive  when  tilted  forward  as  shown 
in  Sketch  1) 

Propeller  blade  pitch  angle  at  0.7  radius  station,  deg 


Exit  vans  deflection  angle,  deg  (positive  vhen  tending  to 
increase  tilt  angle) 

Forward  flight  efficiency  (or  equivalent  lift/drag 
ratio),  pqj^r 

Polar  coordinate  (angle)  of  le mi sc ate  inlet,  deg  (see 
Table  3) 

Local  slipstream  angle  in  longitudinal  plane,  deg 
(see  Sketch  2) 

Local  slipstream  angle  in  lateral  plane,  deg  (see 
Sketch  2) 

Local  slipstream  angle  relative  to  duct  axis,  deg 
(see  Sketch  2) 

Advance  ratio,  ^ 

3 

Air  mass  density,  slug/ft 

»  0  7S 

Propeller  solidity,  -  — 

Azimuth  angle  of  yawraeter  rako,  deg  (see  Table  7) 
Propeller  rotational  speed,  rad/sec 


fililiit 


I 


a 


3.1  Model 

The  basic  ducted  propeller  model  tested  was  made  up  of  inter¬ 
changeable  2-foot  diameter  ducts  or  shrouds  ar.d  contra-rotating 
propellers  which  were  powered  through  a  transmission  of  l/l  reduct¬ 
ion  by  a  75  horsepower,  water-cooled,  variabie-freo.uency  electric 
motor.  A  general  arrangement  drawing  of  the  model  is  shown  in 
Figure  1. 

3.1.1  Ducts 

Four  2-foct  diameter  duct  shapes  were  tested.  The  profile 
ordinates,  orientation  with  respect  to  the  rropeller  axis,  and 
general  pnysical  characteristics  are  presented  in  Tables  1,  2,  3, 
ii,  and  5.  Three  of  the  ducts  (D^,  D2,  and  D^)  had  airfoil  section 

profiles.  Two  of  the  ducts  (D^  and  D^)  had  the  same  airfoil  sec¬ 
tion  (SAC A  6521)  but  had  chord  lengths  of  6.0  and  3.6  inches, 
respectively.  These  airfoils  were  modified  and  oriented  in  such 
a  manner  as  to  eliminate  any  diffusion  angle  {see  Tables  1  and  5). 

The  third  duct  of  this  group  (D2)  had  an  NACA  0018  airfoil  section. 

of  6.0  inch  chord  length,  which  was  oriented  to  give  a  diffuser 
effect  (see  Table  2).  The  fourth  duct  (D^)  had  an  inlet  inside 

contour  forced  by  a  section  of  a  lemniscate  curve  which  became 
parallel  to  the  duct  axis.  The  duct  had  a  total  chord  length  of 
6.0  inches  (see  Table  3). 

The  ducts  were  constructed  of  laminated  Honduras  mahogany  with 
an  intended  steel  ring  for  strength  arid  to  provide  attachment  to  the 
support  system.  The  ring  ir.  each  case  was  located  in  the  area  of 
the  propeller  planes.  Four  lugs  extended  from  the  ring  through  the 
outside  surface  of  the  ducts  for  attachment  to  the  support  system 
(see  Figure  1). 

3.1.2  Propellers  and  Hubs 

Three  different  sets  of  contra-rotating  propellers  were  designed 
and  tested.  Two  of  these  sets,  2  blades  per  propeller  and  3  blades 
■per  propeller,  used  the  same  chord  and  twist  distribution  (see  Table 
6)  ana  an  6,  12  percent  thick  blade  section.  The  third  propeller 
configuration  had  a  set  of  3-bladed, contra-rotating  propellers  whoso 
biaces  were  untwisted  aid  had  a  con slant- chord  RAF-6,  12  percent 
thick  section.  Physical  characteristics  of  these  three  propeller 
cor.flgur  -tior.s  appear  in  Table  5.  The  front  p  rope  Her  rotated  clock- 
vise  when  viewed  from  the  duct  inlet. 
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The  propeller  blades  were  fabricated  at  the  David  Taylor  Model 
Basin  from  aluminum  alloy  on  a  profile  machine  which  utilized  a  six- 
times  enlarged  pattern  of  the  blades  as  a  model.  The  constant-chord 
(paddle)  blades  were  made  by  using  the  30  percent  radius  station  of 
the  pattern  for  the  twisted  blades  (see  Table  6). 

Two  sets  of  steel  split  hubs  were  made  to  accommodate  the  2- 
blaued  and  >bladed  contra-rotating  propellers  (see  Figure  2). 
Provision  was  made  in  the  hubs  to  vary  the  propeller  diameter  and 
the  propeller  blade  Fitch  angle.  The  propellers  could  also  be 
positioned  socially  in  the  ducts. 

3.1.3  Exit  Vanes 

Two  exit  vanes  were  fabricated  from  steel  sheet  stock  which 
was  bent  to  form  a  symmetrical  1 5  percent  thick  airfoil  section  of 
0.20  foot  chord.  These  vanes  were  located  and  secured  to  the  duct 
support  system  as  shown  in  Figure  1.  The  vane  deflections  wore  ad¬ 
justable  through  1  22  degrees  with  respect  to  the  duct  axis. 

3.1.1i  Spinner  and  Inlet  Centerbodiea 

The  model  had  a  propeller  hub  spinner  5.12  inches  long  and 
h„12  inches  maximum  diameter  as  shown  in  Figure  7.  A  dummy  of  the 
electric  motor  housing  was  fabricated  in  order  to  determine  tha  aero¬ 
dynamic  interference  due  to  the  presence  of  the  electric  motor  hous¬ 
ing  in  the  slipstream.  Also,  a  modol  of  a  flying-platform  engine 
installation  was  made  in  order  to  determine  the  effects  of  this  type 
of  blockage  in  the  duct  entrance  (see  Figure  3). 

The  original  method  of  attachment  for  the  hub  fairing  and  tha 
dummy  of  tha  electric  motor  housing  (see  Figure  la)  had  to  be  aban¬ 
doned  as  a  result  of  bearing  failures.  The  stationary  mounting  shaft 
was  removed,  and  a  spinner  was  attached  directly  to  -  and  rotated  with 
the  front  hub.  The  dummy  electric  motor  housing  was  attached  to  the 
main  duct  support  arms  as  shown  in  Figure  3. 

3.1.5  Model  Motor 

The  model  was  powered  by  a  water-cooled,  variable-frequency 
electric  motor  rated  at  75  horsepower  at  12,000  rpm  and  32.9  foot 
pounds  of  torque.  The  motor  was  mounted  in  a  housing  which  was 
connected  to  the  rear  of  the  transmission  as  shown  in  Figure  1. 
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3.1.6  Transmission 


A  transmission  of  1:1  rear  ratio  converted  the  rotation  from 
the  electric  motor  shaft  to  the  two  contra-rotating  shafts.  It  was 
desig-jec  to  permit  variation  of  the  axial  location  of  the  propellers 
in  the  cuct.  For  this  purpose,  the  duct  support  system  was  connected 
to  a  mcrabie  ring  which  fitted  around  the  transmission;  the  ring  was 
retained  by  a  lock  nut  on  either  side  (see  Figures  1  and  h). 

3.2  Sacccrt  System 

The  model  was  mounted  cn  its  side  on  a  vertical  shaft,  so  that 
changes  in  tilt  angle  were  achieved  by  rotation  about  the  vertical 
axis.  The  base  stand  was  mechanized  to  rotate  the  vertical  shaft  in 
either  direction  by  remote  control.  The  method  of  model  attachment 
is  shewn  in  Figure  1,  and  the  orientation  of  tne  model  in  the  tunnel 
is  shown  in  Figure  5.  In  order  to  permit  independent  measurement  of 
he  forces  and  moments  acting  on  the  duct  as  distinguished  from  those 
acting  on  the  entire  model,  the  duct  was  mounted  independently  of  the 
propellers  and  motor.  This  was  accomplished  by  means  of  instrumented 
arms  connecting  the  ring  on  the  transmission  to  the  duct  lugs. 

In  order  that  the  water,  electric  strain  gage,  and  tachometer 
leads  for  tha  motor  would  not  transmit  any  aerodynamic  forces  or 
moments  to  the  model,  all  leads  were  routed  through  a  fairing  that 
extended  from  the  support  housing  for  the  vertical  shaft  to  tha  rear 
of  the  scoter  (see  Figure  3a). 

3.3  Instrumentation 


Tha  model  was  instnoented  with  strain  gages  in  such  a  way  that, 
in  addition,  to  the  total  aerodynamic  forces  and  moments  acting  on  the 
complete  model  (including-  the  electric  motor  housing),  the  forces  and 
moments  acting  on  the  duct  itself  could  be  obtained  simultaneously. 

3.3.1  Keasurements  of  Aerodynamic  Forces  and  Moments 

The  total  axial  and  noma!  forces  were  obtained  from  strain- 
gaged  sections  in  bending  on  the  main  vertical  shaft,  as  shown  in 
Figure  lb.  Owing  to  the  way  in  which  the  model  was  mounted,  any 
pitching  ox’  the  model  would  tend  to  rotate  the  vertical  support 
shaft;  thus,  the  total  model  pitching  moment  was  measured  by  a 
strain-gage  bean  which  resisted  any  rotation  of  the  vertical  shaft 
(see  Figure  lb).  The  axial  and  normal  forces  acting  on  the  duct 
were  obtained  from  the  bending  of  four  strain-gaged  sections  in 
the  two  cross  members  (see  Figure  lb). 
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2.3.2  Measurements  of  Drive  System  Power 

The  electric  motor  was  instrumented  for  tcrque  in  order  that 
input  pc.er  to  the  propellers  could  be  deutrsined.  This  was  accom¬ 
plished  by  attaching  a  strain-gaga  beam  to  the  rear  of  the  motor 
which  restrained  the  motor  from  rotating  (r.ot  shown  in  Figure  la). 
The  motor  was  also  instrumented  for  measuring  bearing  temperatures 
by  means  of  thermocouples  at  both  ends  of  the  motor.  The  motor  rpa 
was  indicated  by  means  of  a  tachometer.  The  motor  was  remotely  con¬ 
trolled  from  the  tunnel  control  roan  by  a  variable-frequency  console. 
The  transmission  temperature  was  measured  by  means  of  a  thermocouple 
installed  at  the  rear  of  the  transmission. 

3.3.3  Fouling  of  Propeller  -  Duct 

Fouling  between  propeller  and  duct  was  detected  electrically 
by  painting  the  inside  of  the  ducts  in  the  area  of  the  propeller 
planes  with  conductive  silver  paint.  Leads  connected  this  painted 
area  and  the  model  drive  system  to  an  oscilloscope.  When  contact 
was  made  between  the  duct  and  propellers,  it  was  indicated  by  a 
signal  on  the  oscilloscope  in  the  control  room.  At  this  signal, 
the  operator  insediately  stopped  the  motor. 

3.3.1*  Measurements  of  the  Slipstream 

The  characteristics  of  the  flow  in  the  slipstream  were  investi¬ 
gated  in  a  separate  series  of  te3ts  by  means  of  a  6-proba  yawseter 
rake.  The  rake  was  attached  to  the  motor  housing  in  such  a  way  that 
it  could  be  rotated  to  various  azimuth  angles  and  moved  over  a  rang® 
of  longitudinal  positions,  as  shown  in  Table  7.  Tho  rake  tubes  were 
connected  to  an  alcohol  manometer  board  where  the  pressure  levels 
were  recorded  photographically. 

3.b  Static  Test  Set-Up 

The  static  tests  were  conducted  in  an  open  room  (see  Figure  6). 
The  model  axis  was  located  approximately  3-1/2  duct  diameters  away 
from  the  nearest  wall  and  exhausted  toward  the  opening  for  the  large 
overhead  door  in  one  wall  of  the  room.  Sketch  3  shows  the  relative 
position  of  the  model  in  the  open  room  and  also  its  position  in  the 
wind  tunnel. 

In  the  preruns  of  the  test  program,  it  va3  found  that  the  pro¬ 
pellers  touched  the  cuct3  when  power  was  supplied  to  the  model, 
making  it  necessary  to  mount  the  ducts  asynrss  trie  ally  (vith  power 
off)  about  the  propeller  axis  to  avoid  this  trouble.  It  was  also 


15 


It  was  also  found  that  mere  consistent  results  were  obtained  if 
the  electric  Rotor  and  transmission  were  allowed  to  warm  up  at 
3960  rpn  before  taking  data. 

3.5  Static  Test  Procedure 

The  model  was  operated  at  motor  speeds  of  5600,  1850,  3960, 
2£00,  and  1252  rpra  with  propeller  blade  pitch  angles  at  0.7Q  of 
blade  radius  from  9  to  as  high  as  27  degrees,  depending  on  the  duct, 
being  tested.  The  maximum  propeller  blade  tip  Mach  number  at  5600 
rpn  was  about  0.5. 

When  there  were  any  unusual  variations  in  the  strain  gage 
indicator  readings,  or  when  the  variation  between  the  final  and 
initial  indicator  readings  were  greater  than  1  percent  of  full 
anticipated  load,  the  test  was  rerun  until  satisfactory  data 
were  obtained. 

As  each  run  was  being  made,  the  figures  of  merit  for  the 
previous  run  were  calculated  and  plotted  against  propeller  rpsa. 
Successively  higher  propeller  blade  pitch  angles  were  investigated 
until  it  became  apparent  that  the  maximum  figure  of  merit  could  be 
determined. 


Forward-Flight  Test  Set-Up 


The  forward-flight  tests  were  conducted  in  the  return  section 
of  the  DTH3  "south"  Subsonic  Wind  Tunnel,  which  had  been  successfully 
utilised  before  in  helicopter  rotor-system  testing.  The  modal  was 
located  approximately  L  duct  diameters  away  from  the  nearest  wall  of 
the  17  x  2D  foot  return  section,  as  shown  in  Sketch  3.  The  velocity 
distribution  in  and  around  the  area  occupied  by  the  model  was  deter¬ 
mined  prior  to  the  model  installation,  and  the  local  velocity  was 
found  to  bo  within  1  2  percent  of  the  mean  value  in  the  central  a~ea. 
The  maximum  velocity  obtainable  in  the  return  section  (with  model 
installed)  was  approximately  -62  feet  per  second,  yielding  a  maximuas 
Reynolds  number  of  0,37  x  10°  per  foot  of  length. 


The  model  was  aligned  with  the  air  flow  in  the  test  section  by 
observing  at  what  tilt  angle  the  total  pitching  moment  was  zero.  At 
this  point  the  model  was  considered  to  be  in  axial  flow,  and  the  tilt 
angle  counter  was  set  at  50  degrees. 
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The  operating  procedure  for  the  wind  tunnel  tests  was  to  main¬ 
tain  a  constant  dynamic  pressure  (q)  in  the  test  area  for  each  of 
the  desired  advance  ratios  (X).  These  conditions  were  net  by  set¬ 
ting  the  proper  tunnel  dynamic  pressure,  calculating  the  tunnel 
airspeed,  and  changing  the  motor  rpm  to  obtain  the  required  advance 
ratio.  The  operating  conditions  are  shown  below; 


X 

.  9..2 
j.o/1  x. 

V 

ft/sec 

RPM 

a  Hangs 
deg 

0  Range 
deg 

.05 

„1j6B 

20 

3960 

-10  to  30 

9  -  27 

.10 

1.885 

111 

3960 

10  to  hO 

9-27 

.15 

1I.29U 

62 

3960 

20  to  70 

9-27 

approximate  values 

A  limited  number  of  runs  were  made  at  other  conditions  as 
follows; 


X 

1  ? 
lb/ft 

7 

ft/sec 

RPM 

a  Range 
deg 

.075 

1.056 

31 

3960 

-10  to  30 

.125 

2.962 

51 

3960 

10  to  liO 

.o5o 

.727 

26 

, 

1*920 

- V/ - 

20  to  70 

approximate  values 


The  model  was  operated  at  successively  higher  tilt  angles  in  10 
degree  increments  until  the  tilt  angle  for  equilibrium  (that  is,  for 
kj,  a  0)  wa3  exceeded  by  15  to  20  degrees.  Around  the  condition  of 

equilibrium,  the  tilt  angle  was  varied  in  5  degree  increments.  In 
addition,  whenever  apparent  discontinuities  occurred,  smaller  tilt 
angle  increments  were  investigated  in  the  affected  region. 

For  a  given  model  configuration,  a  sufficient  range  of  propeller 
blade  pitch  angles  wa3  tested  so  that  the  forward  flight  efficiency- 
reached  a  maximum  value  at  the  equilibrium  condition  (ftp  a  0)  and 

started  to  decrease  as  higher  blade  pitch  angles  were  inve stigatsd. 


Shortly  after  the  forward  flight  portion  of  the  teat  prograa 
was  started,  the  model  wet  with  two  accidents.  The  model  consist¬ 
ing  of  Duct  3  in  combination  with  a  set  of  twisted, 2-bladed,  contra¬ 
rotating  propellers  and  exit  vanes  (D^P^SV^)  was  being  brought  up  to 

speed, when  it  stopped  for  no  apparent  reason.  Upon  investigation, 
it  was  found  that  the  propellers  had  been  bent  and  twisted  in  the 
hub  in  such  a  manner  that  the  front  and  rear  propellers  locked 
together.  A  photograph  of  the  damaged  model  is  shown  in  Figure  9# 
Fortunately,  ths  duct  was  not  damaged  beyond  several  scratches  on 
the  inner  surface,  and  it  wa3  easily  repaired,  but  the  propellers 
were  damaged  beyond  repair,  and  a  new  set  of  blades  had  to  be  fab¬ 
ricated#  In  the  second  accident  involving  the  same  configuration 
without  vanes,  the  propellers  gouged  the  inner  wall  of  the  duct  in 
several  places,  causing  damage  of  such  a  nature  that  the  duct  had 
to  be  removed  for  repairs# 

As  minor  difficulty  with  the  2-bladed  propellers  had  already 
been  experienced  prior  to  these  two  accidents,  it  was  decided  that 
further  detailed  testing  with  this  propeller  configuration  was 
detrimental  to  the  total  program.  Therefore,  such  testing  was 
limited  to  testing  at  one  blade  angle  through  the  advance  ratio 
and  tilt  angle  ranges  for  each  of  the  remaining  ducts. 

3.8  Data  Corrections 

A  check  run  was  made  with  the  tunnel  turned  off  to  determine 
what  effect  the  presence  of  the  tunnel  walls  might  have  on  the 
model  static  performance  through  a  range  of  tilt  angles#  Com¬ 
parison  with  the  static  results  obtained  outside  the  tunnel 
indicated  that  the  model  (D^P^S)  exhibited  very  alight  differences 

in  its  aerodynamic  characteristics.  This  might  be  expected  be-  _ 
cause  of  the  relatively  lev  disk  loading  (approximately  25  lb/ft*) 
and  the  large  size  of  the  wind  tunnel  return  section.  The  model 
occupied  only  about  1  percent  <jf  the  test  area.  For  this  reason, 
the  tunnel  wall  effects  wore  considered  to  be  small,  and  no 
attempt  was  nade  to  apply  tunnel  wall  corrections  of  any  kind. 

Duct  b,  with  a  3et  of  twisted,  3- bladed, contra-rotating 
propellers,  was  tested  over  a  range  of  1  20  degrees  from  the 
axial  flow  attitude.  From  these  tests,  the  flow  alignment  in 
the  tunnel  appears  to  be  good. 

The  loss  ir.  model  thrust  due  to  the  presence  of  the  duct  sup¬ 
port  system  in  the  slipstream  has  been  calculated  (with  drag 
coefficient  estimated  to  be  0.7)  to  be  1.5  percent.  This  is  well 


within  the  estiaated  overall  accuracy  of  the  data  and  has  not 
been  included  as  a  correction  to  the  data. 


A  series  of  tests  were  performed  to  obtain  an  indication  of 
the  aerodynamic  Interference  caused  by  the  presence  of  the  electric 
motor  housing  in  the  slipstream.  This  was  accomplished  by  rearrang¬ 
ing  the  model  so  that  the  electric  motor  and  housing  were  in  the 
duct  entrance.  The  model  was  then  tested  with  and  without  a  dummy 
of  the  electric  motor  housing  in  the  slipstream.  As  will  be  seen 
later,  the  model  characteristics  were  little  affected,  and  any 
correction  that  might  be  made  for  the  presence  of  the  electric  motor 
housing  in  the  slipstream  of  the  model  will  be  left  to  the  individual 
analyst,  since  tha  appropriateness  of  such  a  correction  must  depend 
upon  the  particular  application. 

The  temperature  cf  the  transmission  increased  60  to  70  degrees 
Fahrenheit  when  operated  in  the  tunnel  as  compared  to  its  operation 
in  the  open  room.  Therefore,  in  order  to  lower  the  transmission 
temperature  to  a  safe  operating  range,  the  forward  flight  portion 
of  the  test  program  was  run  at  3960  rpra  instead  of  5600  rpra  as 
originally  planned.  This  lower  rpra  reduced  the  accuracy  of  the  data, 
because  the  gage  drift  and  high  tunnel  temperature  effects  now  became 
a  greater  percent  of  the  total  measured  loads. 

Following  each  run,  the  frictional  losses  of  the  motor  and 
transmission  fere  estimated,  by  operating  the  model  at  various 
rotational  speeds,  measuring  the  corresponding  torque,  and  plot¬ 
ting  tlsese  values  of  tcrque  (torque  indicator  readings)  against 
a  squared  rpsi  scale  (see  Sketch  ii).  The  torque  necessary  to  over¬ 
come  the  friction  of  the  system  was  indicated  from  the  plot  by  tho 
value  of  the  tcrque  indicator  reading  when  extrapolated  to  zero 
rpm.  This  value  of  friction  torque  was  assumed  to  be  constant  with 
motor  speed,  so  that  the  indicated  reading  at  zero  rpw  was  subtracted 
from  all  torque  readings  as  a  correction  for  the  frictional  losses 
of  tire  electric  motor  and  transmission. 


It  should  be  noted  that  the  spinner  rotates  with  the  front 
propeller  hub.  ar.d  such  phenomena  as  r.agnus  effect  (see  Reference 
10)  and  boundary  layer  build-up  caused  ’ey  the  rotating  spinner 
m ay  be  present  to  alter  the  performance  of  the  ducted  propeller. 
No  attempt  has  been  made  to  predict  these  effects. 


The  ate rags  deviation  of  the  instrumentation  re ad Inga  used  to 
calculate  the  aerodynamic  and  power  coefficients  la  estimated  to  be 
approximately  -  2  percent  of  maximum  indicator  reedinge.  The  tilt 
angles  and  propeller  blade  pitch  angle  a  were  set  within  1  0*2 
degrees.  The  motor  rpm  was  considered  to  be  within  i  1  percent* 


u.  DISCUSSION  OF  RESULTS 

The  plotted  data  are  divided  into  3  group oj  (1)  aUtic  perforBanoa 
characteristics,  (2)  total  forward  flight  characteristic*,  and  (3) 
forward  flight  characteristics.  All  coefficients  are  based  upon  pro¬ 
peller  tip  speed  (except  for  duct-alone  or  ring-wing  characteristics,, 
minimus  inside  duct  area,  and  minimum  inside  duct  radius.  In  addition, 
the  slipstream  characteristics  are  tabulated  in  terns  of  local  flow 
angularity  and  local  dynamic  pressure. 

h.l  Static  Performance  Characteristics 

The  static  data  taken  in  the  large  room  and  inside  the  tunnel  ara 
plotted  against  propeller  blade  angle  for  various  xpm  in  FLgnreaYL 
through  S.  These  data  consist  of  total  thrust  coefficient,  duct  thrust 
coefficient,  power  coefficient,  figure  of  merit,  and  ratio  of  duct  thro* 
to  total  thrust.  The  total  pitching  moment  and  propulsive  force  coeffi¬ 
cients  are  included  on  the  plots  containing  configurations  with  exit 

vanes. 

Figure  of  merit  is  used  as  the  measure  of  static  efficiency  and 
is  defined  as 


so  the  ideal  value  as  given  by  simple  isorsntum  theory  is  YFfor  a 
ducted  propeller  with  no  diffuser.  It  should  be  noted  that  thio 
same  equation  is  used  for  the  efficiency  of  an  open  rotor  for  which 
the  ideal  value  is  1.0„  Thus,  a  comparison  of  the  two  types  or  pro¬ 
pulsive  systems  can  be  made  directly  in  terms  of  thrust  per  horsepower 
at  a  given  disk  loading. 

The  conditions  designated  1,  2,  and  3  in  the  legend  on  static 
plots  (Figures  25  through  b3)  for  data  taken  inside  the  wind  tunnel 
correspond  to  static  measurements  taken  after  the  wind  hnnel  was 
turned  off,  following  a  run  at  a  given  advance  ratio.  The  conditions 
indicated  are  as  follows: 

Condition  1  -  after  a  X  -  .05  run  at  3960  rpm 

Condition  2  -  after  a  X  -  .13  run  at  3960  rpm 

Condition  3  -  after  a  X  =*  .15  run  at  3960  rpm 

Condition  U  -  Static  run  outside  tunnel  at  3960  rpa 


-J-^1 


Where  a  comparison  is  made  with  the  outside-of-tbe-tunncl  data,  a 
curve  is  drawn  through  the  Condition  h  data. 


For  all  configurations  tested,  the  total  thrust,  duct  thrust, 
and  total  power  coefficients  increase  as  the  propeller  blade  angle 
increases  iron  the  minimum  setting.  The  figure  of  merit,  however, 
increases  to  a  maximum  (at  an  optimum  blade  setting  for  the  particular 
configuration  being  tested)  and  then  decreases  as  the  propeller  blade 
angle  increases  further..  It  is  interesting  to  note  that  configura¬ 
tions  having  a  higher  maximum  figure  of  merit  also  have  a  higher  ratio 
of  duct  thrust  to  total  thrust,  as  predicted  by  theory. 


Propeller  rpra  evidently  has  little  or  no  effect  on  the  thrust 
coefficients,  but  there  is  a  slight  variation  in  the  power  coeffi¬ 
cient,  causing  the  figure  of  nerit  to  vary  as  much  as  10  percent. 


The  highest  figure  of  merit  for  each  duct  is  obtained  with  a 
set  of  twisted,  3-bladed,  contra-rotating  propellers.  Duct  3  yields 
the  highest  figure  of  merit  attained  in  these  tests  (1.07  at  a  pro¬ 
peller  blade  angle  of  roughly  19  degrees,2  Figure  13);  the  maximum 
figure  of  merit  for  the  poorest  hovering  duct  (Duct  ii)  is  0.72  at  a 
propeller  blade  angle  of  approximately  17  degrees  (see  Figure  lh); 
Ducts  1  and  2  both  exhibit  maximum  figures  of  merit  of  about  .79  at 
a  propeller  blade  angle  of  approximately  16  degrees  (Figures  U  and 
12).  The  maximum  figure  of  merit  for  the  same  propeller  without  a 
duct  is  0.68. 


At  the  maximum  figure  of  merit  the  portion  of  the  total  static 
thrust  carried  by  each  duct  depends  on  the  duct  shape.  The  bell- 
mouth  duct  develops  h6  percent  of  the  total  thrust,  the  highest  of 
all  the  ducts,  whereas  the  shorter  chord  duct  develops  the  least 
amount,  15  percent,  of  the  total  thrust.  Ducts  1  and  2  each  carry 
about  30  percent  of  the  total  thrust. 


Changes  in  propeller  planfcra  and  solidity  appear  to  be  less 
irportar.t,  in  the  present  tests,  than  changes  in  duct  shape.  That 
Is,  a  comparison  of  Figures  27,  31,  and  h2  indicates  that  replacing 
the  3-bladed,  contra-rota  ting  propellers  (P^)  in  Duct  3  with  the  2- 


bladed, contra-rota ting  propellers  (Pg),  or  with  the  3-bladed, single 


O 

Actually,  the  curves  are  so  flat  that  the  optimum  blade  angles 
cannot  be  accurately  determined,  considering  the  estimated  accuracy 
of  the  data. 
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rotation  propeller  {P^),  caused  a  loss  of  only  a  few  percent  In  figure 
of  merit.  The  combination  of  the  bell-mouth  duct  (D^)  with  the  un¬ 
twisted  paddle  blades  (Pp)  produced  a  figure  of  merit  somewhat  lower 

than  that  for  the  sane  duct  with  the  twisted  blades  (see  Figures  13 
and  21).  Both  of  these  changes  (i.e.,  solidity  and  blade  planforn) 
showed  even  smaller  effects  when  tested  in  combination  with  a  lesa 
efficient  duct  (Dg)* 

In  order  to  Investigate  the  cause  of  the  low  static  efficiencies 
and  thrust  attained  with  the  airfoil-typo  ductB,  a  limited  tuft  study 
was  made  of  the  flow  around  the  duct  lip  in  static  operation.  A  typi¬ 
cal  flow  pattern  on  the  lip  of  one  of  the  airfoil-profile  ducts  is 
shown  in  Figure  7.  Sketch  $  has  been  prepared  as  an  aid  in  visualis¬ 
ing  the  flow  separation  which  is  indicated  by  the  tufts  of  Figure  7. 


Duct  Axis 


Sketch  5 


It  should  be  noted  that  the  direction  of  flow  on  both  the  incida  and 
outside  duct  surfaces  is  towards  the  leading  edge  of  tte  duct.  These  9 

two  flows  meet  at  the  separation  area  marked  "A"  and  evidently  turn 
into  the  duct  as  indicated  by  the  dashed  arrow. 

This  region  of  separated  flow  is  further  indicated  on  tha  abenro 
configuration  by  the  oil  pattern  observed  on  the  inside  surface  of  the 
duct,  as  shown  in  Figure  8.  The  oil  came  from  a  leak  in  the  transmis¬ 
sion  and  was  throw  radially  to  the  duct  by  the  rear  propeller  in  tha  • 

area  indicated  in  the  figure.  The  oil  then  proceeded  forward  through 
the  front  propeller  as  seen  from  the  photographs. 


Tufts  placed  on  Duct  3  were  observed  to  lie  flat  againot  the  duct 
surface  sai  irdicated  completely  attached  flow  all  the  way  the 

duct  leading  edge.  Thus,  it  appears  that  the  three  airfoxl  ducts 
(D^  5  aai  D^)  are  stalled  in  static  operation, and  the  bell-mouth 

duct  (D^)  Is  unetalled. 

k  few  static,  teats  were  mads  with  -transition  fixed  by  incorporating 
roughness  areas  of  various  widths  on  the  lip  of  Itact  2,  as  shown  in 
Sketch  6. 
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Sketch  6 


The  results  of  this  limited  roughness  investigation  are  shown  in  Figure 
20.  It  can  be  seen  that  the  adced  roughness  areas  haye  no  effect  cm  the 
model  performance. 

Figure 3  36,  37,  and  38  show  that  the  presence  of  the  exit  vanea  and 
center-bodies  have  little  effect  or.  t be  model  static  characteristics. 

Figures  3°  10,  and  bl  show  the  effects  of  propeller  tip  clearance 

and  p roc-ells r  location  in  the  duct.  It  can  be  seen  that  independently 
in-' reading  the  propeller  tip  clearance  or  moving  the  propellers  fora^rd 
from  their  normal  location  has  little  effect  on  the  static  characteristics. 
However,  when  the  two  adjustments  are  made  at  the  same  tune,  the  figures 
of  merit  are  decreased  as  much  as  10  percent. 

L_  orier  to  investigate  the  effect  of  the  tunnel  walls  on  the  model 
static  characteristics,  the  D,P,S  confiruration  was  tested  (wxth  turxel 


turned  off)  throw*  a  tilt  angle  range  ol  0  to  90  degrees  vith  a 
propeller  blade  setting  of  12  degrees.  The  results  of  this  test 
ETSwn  in  Figure  L3  as  a  function  of  tilt  angle  and  show  on£ 
slight  variations  which  are  well  within  the  accuracy 

h.2  Total  Forward  Flight  Characteristics 

The  forward  flight  data  are  divided  into  three  major  parts. 

In  the  first  part,  shown  in  Figures  hh  to  103,  the  total  aer^mrc 
Srce-  and  moments,  the  power  supplied  to  the  model,  and  the  forward 
flight  efficiency  are  plotted  for  a  given  propeller  pitch  angle  as 
functions  of  tilt  angle,  with  advance  ratio  as  a  parameter.  In  the 
second  part  Figures  lOh  to  181,  the  aerodynamic  forces  and  moments 
£  SotSd’fS'a  «i»e»  «U  an he  as  function  of  ad.anc.  -tio, 
with  propeller  pitch  angle  as  a  parameter.  In  the  third  part.  Figure 
182  to  238,  the  aerodynamic  forces  and  moments  acting  on 
itself  (at  the  same  conditions,  with  the  propeller  opera  g) 
plotted  for  a  given  propeller  pitch  angle  as  functions  of  tilt  angle 

with  advance  ratio  as  a  parameter. 

Within  each  of  these  three  parts,  the  figures  are  presented  in 
groups,  such  as  Duct  1  in  combination  with  the  twisted,  3-bl  * 
contra-rotating  propellers  and  spinner  (D^S),  Duct  2  in  combinati 

with  the  twisted,  3-bladed,  contra-rotating  propellers  and  spinner 

(D  p  S),  etc.  Each  configuration  was  tested  for  a  senes  of  pro 

poller  blade  pitch  angles,  with  each  pitch  angle  investigated  over 
a  range  of  tilt  angles  and  advance  ratios. 

In  general,  the  ducts  in  combination  with  a  set  of  3-bladed, 
contra-rotating  propellers  show  that  the  Pf 

unchanged  as  the  tilt  angle  varies,  decrease  ^G^ly  at  higcr 
advance  ratios,  end  increase  with  an  increase  in  propeller  bl^ 
nitch  angle  (see  Figures  Ulj  through  61).  The  forward  flight  e 
ciencies’tend  to  peak  at  some  tilt  angle,  but  exhibit  increasing 

lith  an  increase  in  advance  ratio.  For  the  airfoil  ^ 
ducts  it  can  le  seen  in  Figures  hh  through  61  and  M 

that  the  total  lift  and  pitching  moment  coefficients  tend  to  p 
Se  tut  aS  fa  aOvatoe  ratio  increase,  tut  ttey  ^sbeccme 

V52Z  ?:s:  sME  - 

coefficient. 

In  een°ral  Duct  3  with  the  twisted,  3-bladed,  contra-rotating 
propellers*  (D,P^S)  exhibits  a  greater  forward  flight  efficiency  t  an 
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the  other  three  configurations.  The  maximum  pitching  moment  coeffi¬ 


cient  of  the  bell-mouth  duct  (D^S)  is  from  3  to  5  Urate  those  of 


the  other  three  duct  configurations.  The  equilibrium  tilt  angina 
(angle 8  at  which  it-  »  0)  are  smallest  for  the  shorter  chord  duct 

configuration  (D^S)  and  greatest  for  the  larger  chord  airfoil 

profile  ducts. 


In  summary,  the  configuration  having  the  highest  static  effi¬ 
ciency  also  develops  the  highest  forward-flight  efficiency,  experi¬ 
ences  the  largest  pitching  moments,  and  requires  lower  equilibrium 


tilt  angles  (angle  at  which  ky  -  0)  than  the  airfoil  profile  ducts 


of  the  same  duct  chord/diameter  ratio. 


Limited  tuft  studies  were  conducted  on  the  ducts  in  forward 
flight.  Typical  duct  lip  conditions  are  shown  in  Figures  10a 
through  lOd  for  Duct  1  in  combination  with  a  set  of  twisted,  3-bladed, 
contra-rotating  propellers.  These  studies  indicate  that  the  flow  in¬ 
side  the  airfoil  profile  ducts  is  separated  in  forward  flight. 


It  should  be  noted  that  the  straight  portion  of  the  tufts  lying 
circumferentially  are  fastened  to  the  duct  with  transparent  tape. 


In  Figures  62  through  67  and  121  through  127,  the  performanco 
characteristics  of  the  various  ducts  in  combination  with  a  set  of 
twisted,  2-bladed,  contra-rotating  propellers  are  presented  and  show 
much  the  same  variation  as  the  duct3  with  the  twisted,  3-bladed, 
contra-rotating  propellers.  •  The  magnitudes  of  the  lift,  pitching 
moment,  and  power  coefficients  are  slightly  lower  for  the  2-bladsd 
propeller  configuration;  on  the  other  hand,  forward  flight  efficiency 
is  somewhat  higher,  and  the  propulsive  force  coefficient  is  unchanged. 
At  the  highest  advance  ratio  for  the  2-bladed  propeller  configurations 
tested  in  Duct  3,  a  discontinuity  occurs  in  the  variations  of  lift  and 
pitching  mo.ment  coefficients  and  forward  flight  efficiency  with  tilt 
angle.  This  discontinuity  appears  to  be  caused  by  reattachment  of  the 
flow  on  the  duct  at  a  critical  tilt  angle. 


The  test  results  for'  the  paadle-blade  propeller  configuration  in 
combination  with  Ducts  2  and  3  are  presented  in  Figures  68  through  70 
and  128  throueh  133.  In  general,  a  comparison  of  the  results  for  the 
ducted,  paddle-blade  propellers  with  those  for  the  ducted,  twisted, 
3-bladed  propellers  indicates  that,  for  a  given  propeller  blade  angle 
and  advance  ratio,  the  former  develops  greater  lift  and  pitching  mo¬ 
ment,  requires  more  power,  and  produces  lower  propulsive  force  and 
forward  flight  efficiency  than  the  latter. 
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The  characteristics  of  the  unshrouded  propeller  {P3S)  are  presented 

In  Figures  71  through  73  arid  13k  through  ILL:.  Comparing  the  open  pro¬ 
peller  with  the  same  propeller  in  combination  with  Duct  3  a 
peller  blade  angles,  it  can  be  seen  that,  m  general,  the  addition  of 
KcnSuSX  tte  power  required,  increases  the  ^imum  f  orwardXlght 
efficiency  and  provides  approximately  12  percent  increase  in  maximum  lift. 
The  tilt  angle  of  the  ducted  propeller  for  the  condition  of  equilibrium 
(£  lo)  u  substantially  greater,  and  the  total  pitching  »o«»t  -aloet 

Je  several  times  those  of  the  open  propeller  configuration. 

The  installation  of  exit  vanes  with  Duct  3  in  combination  with  a 
set  of  twisted,  3-bladed,  contra-rotating  propellers  has  no  effect  on 

forward  flight  efficiency  or  on  the  Powerr^?d.pr°P^S^_^Sei^^d' 
cients.  However,  the  pitching  momei r.t  coefficxent  is  slightly^low^red 
and  the  lift  coefficient  increased.  The  vane  er{ec^'enes%°vff 
-ange  of  deflections  tested  is  seen  to  be  small  in  Figures  7k  uffr 
*79  and  1L5  through  150.  The  2-bladed,  contra-rotating  propellers  in 
ILSnation  -ittDuct  3  and  ,nt  vanes  dare  tested  at  a  va*  deneetio. 
of  zero,  and  the  results  are  shown  in  Figures  80  and  1,1. 

The  characteristics  of  Duct  3  in  combination  with  the  twisted, 
3-bladed,  propellers  and  pilot  dummy  (D^H),  and  of  the  same  con¬ 
figuration  (see  Figure  3)  in  combination  with  the  si-^ajion  °f 
platform  engines  (D^HB),  are  presented  in  Figures  81  through 

1^2  through  159.  The  lift  and  power  coefficients  are  of  the  same  mag- 
itudf  as  those  for  the  same  model  without  centerbodies  H^ever^he 
pitching  moment  coefficient  is  higher  owing  to  the  added  drag  of  the 
bodies  and  their  location  relative  to  the  moment  reference  point  of  tha 
model.  The  forward  flight  efficiency  and  propulsive  force  coelficien 

are  slightly  changed. 

In  order  to  check  the  aerodynamic  effects  attributable  1 to  the 
presence  of  the  electric  motor  housing  in  the  slipstream,  the  model 
wac  reassembled  so  that  the  electric  motor  and  housing  were  in  t l.e 
duct  entrance  (D.P^).  This  model  was  tested  with  and  withou  - 

dummy  electric  motor  housing  (H)  placed  in  the  slipstream.  The  pres- 
ence  of  the  dummy  electric  motor  housing  in  the  slipstream  did  not 
Sgf  the'un'Yd  power  coefficients,  bat did  lower  the  proP«l«« 
force  and  pitching  moment  coefficients  ana  forward  flight  e~ficie  ** 
sliehtS  (see  Figures  87.  88,  160  and  161).  Ko  correction  to  the 
data  hS  been  made  for  the  presence  of  the  electric  motor  fusing 
in  the  slipstream,  since  the  appropriateness  of  such  a  correction 
must  depend  upon  the-  particular  application. 
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The  effects  of  tip  clearance  and  propeller  location  for  Duct  3 
in  combination  with  a  set  of  twisted,  3-bladed,  contra-rotating  pro¬ 
pellers  are  presented  in  Figures  89  '-hrough  9ii  and  16*  through  172, 
for  propeller  blade  pitch  angles  of  12  and  18  degrees.  A  •  change  of 
propeller  tip  clearance  from  0.0ij6  to  0.0.88  inches  (l.e.,  fra*  0.2 
to  O.h  percent  of  duct  diameter)  with  the  propellers  in  their  normal 
location  (£  »  5.13  inches)  tends  to  lower  all  coefficients  and 

p 

efficiency  for  both  blade  pitch  angles.  Moving  the  propellers  for¬ 
ward  from  their  normal  location  with  the  normal  tip  clearance  of 
0.0lj6  inches  causes  variations  in  the  model  performance  which  depend 
upon  the  blade  pitch  angle  tested.  Simultaneously  moving  the  propellers 
forward  from  their  normal  location  and  increasing  the  propeller  tip 
clearance  frcra  0.0h6  to  0.088  inches  tends  to  lower  the  lift  and  pitch¬ 
ing  moment  coefficients  as  well  as  the  forward  flight  efficiency.  The 
power  and  propulsive  force  coefficients  change  only  slightly  due  to 
these  propeller  adjustments. 

A  single- rotation,  3-bladed  propeller  (P^)  was  formed  by  remov¬ 
ing  the  rear  propeller  from  the  twisted,  3-bladed,  contra-rotating 
set  of  propellers.  Tba  results  of  testing  this  propeller  (which  wan 
located  2.58  inches  from  duct  leading  edge)  in  combination  with  Duct 
3  are  shown  in  Figures  95  through  98  -^nd  173  through  177.  The  charac¬ 
teristics  of  this  configuration  (D^P-jS)  vary  in  the  same  manner  as 

those  fvT  Duct  3  with  the  twisted,  3-bladed,  contra-rotating  propellers. 
The  power,  lift  and  pitching  moment  coefficients  for  the  single  rotation 
propeller  are  lower,  and  the  forward  flight  efficiency  is  higher  than 
-with  the  contra-rotating  propellers.  The  propulsive  force  coefficient 
is  of  the  same  magnitudo.  A  change  in  tip  clearance  from  0.0ii6  to 
0.088  inches  at  a  propeller  blade  angle  of  30  degrees  shows  -that  the 
aerodynamic  coefficients  are  slightly  lowered,  but  the  forward  flight 
efficiency  and  power  coefficient  are  unchanged. 

Figures  99  and  178  through  131  shew  the  axial  flow  performance  of 
Duct  b  in  combination  with  a  set  of  twisted,  3-bladed,  contra-rotating 
propellers.  It  is  worth  noting  that  the  symmetry  of  these  curves  indi¬ 
cates  good  alignment  of  the  flow  with  the  tunnel  axis. 

An  increase  in  propeller  rpm  from  3915  to  Ij520  at  a  low  advance 
ratio,  using  Duct  3  in  combination  with  a  set  of  twisted,  2-bladed, 
contra-rotating  propellers  shows  no  eflect  on  the  lift  and  power  coef¬ 
ficients  or  on  the  forward  flight  efficiency  (Figure  100).  However, 
the  pitching  moment  and  propulsive  force  coefficients  are  increased. 

The  aerodynamic  characteristics  of  Ducts  1,  3,  and  ii  without 
propellers  (i.e.,  ring-wing  data)  in  the  presence  of  the  electric 
motor  housing  are  shown  in  Figures  101,  102,  and  103,  respectively. 
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for  a  tunnel  airspeed  of  approximately  62  ft/sec.  J*? 

in  these  plots  are  based  on  tunnel  airspeed.  It  *0BUbe  noted  her* 

that  the  tilt  angle  employed  in  the  presentation  of  these  data  is  SO 

degrees  out  of  phase  with  the  standard  manner  of  presenting 

data; 6 that  is,  a  tilt  angle  of  90  degrees  corresponds  to  an  axial  £ow_ 

condition  or  zero  angle  of  attack.  Thus,  it  can  be  se, en  ‘ 

dynamic  coefficients  vary  as  expected;  i.e.,  the  lift  and  drag  bur  p 

as^the  angle  of  attack  is  increased  until  the  stall  is  reached,  they 

experience  an  abrupt  change  at  this  point  owing  to  flow  separation  on 

the  duct. 

U.3  Duct  Forward  Flight  Characteristics 

The  lift,  propulsive  force,  and  pitching  moment  coefficients  of 
the  ducts  in  the  presence  of  the  operating  propellers  and  electric 
motor  housing  are  plotted  against  tilt  angle  m  Figures  182  through 
233.  Each  plot  is  for  a  constant  propeller  blade  pitch  angle  (unles 
otherwise  noted)  with  advance  ratio  as  a  parameter. 

Comparing  Duct  3  with  the  other  ducts  in  the  Presence  of  a  set 
of  twisted,  3-bladed,  contra-rotating  propellers  in  Figures  182  through 
199,  it  ia  found  that  Duct  3  develops  maximum  lift  coefficients  up  to 
twice  those  of  Ducts  1  and  2,  and  u?  to  3.5  times  that  of  Duct  ^  Vmt 
3  produces  several  times  the  maximum  pitching  moment  coefficients  or 
the  otSe^  d^lr-d  propulsive  force  coefficients  slightly  higher  than 
Ducts  1  and  2.  The  magnitudes  end  slopes  of  the  propulsive  force  coeffi 
cients  for  Ducts  3  and  Ij  are  comparable  for  the  tilt  angles  shown. 

The  characteristics  of  the  ducts  in  the  presence  ofttj . 

2-bladed,  contra-rotating  propellers,  shown  in  Figures  200  through 
205  vary  in  much  the  sane  manner  as  with  the  twisted,  3 ’■blade  , 
rotating^ propellers.  However,  the  ducts  in  the  presence  of  the  2-bl^ed 
propeller  configuration  show  lower  lift  and  pitching  n«ent  '^icients. 
SlimhUy  higher  propulsive  force  coefficients  are  produced  for  Ducts  1, 

2  -ndi,  and  the  magnituo.es  end  slopes  of  the  propulsive  force  coeffi 
lieZ  for  the  t»  pSpeUer  configuration.  *  **‘  3  « 
cross.  The  discontinuities  that  appeared  in  the  total  lift  and  pitching 
moment  curves  for  the  models  with  the  twisted,  2-bxaded,  con -ra-rota ting 
propellers  appear  in  the  duct  curves  at  the  same  conditions,  tending  to 
verify  that  these  ducts  have  separated  flow  at  the  lower  tilt  angle  • 

Ducts  2  and  3  were  tested  in  the  presence  of  the  psddle-blade, 
contra-rotating  propellers.  The  results,  presented  in  Figures  2°6, 

207  and  208,  show  that  the  puddle-blade  propeller  configuration 
produces  higher  pitching  moment  and  lift  coefficients  _and  over 
propulsive  force  coefficients  than  does  the  twisted,  3~blad„d 
oroneller  configuration. 


The  characteristics  of  the  duct  with  exit  vanes  instilled  ~  tfc* 
model  are  presented  in  Figures  209  through  215.  The  duct  propulsive 
force  and  lift  coefficients  are  unaffected  by  the  presence  of  the  exit 
vanes,  and  the  pitching  moment  coefficients  are  only  slighty  affected. 

Figures  216  through  221  present  the  duct  characteristics  in  tha 
presence  of  the  twisted,  3-bladed,  cor.tra-rotating  propellers  and  tho 
centerbodies  (D^P^H  and  D,P^RB).  The  presence  of  the  centerbodies  in 

the  duct  inlet  alters  only  slightly  the  duct  aerodynamic  coefficients. 

The  characteristics  of  Duct  i.  with  the  electric  motor  housing  in 
the  duct  inlet,  both  with  and  without  the  dmwy  electric  motor  housing 
(Dj^P^E  and  D^P^KE )  in  the  model  slipstream,  are  shewn  in  Figures  222  end 

223.  The  duct  characteristics  are  apparently  unaffected  by  the  presence 
of  the  motor  housing  in  the  slipstream. 

Figures  22h  through  229  show  the  effect  of  moving  the  propellers 
axially  from  their  nomal  chorduise  position  in  the  duct  to  the  forward 
position.  It  can  be  seen  that  this  charge  tends  to  lower  the  duct  lift 
and  pitching  moment  coefficients,  S3  does  increasing  the  propeller  tip 
clearance  fren  0.0lt6  to  0.058  inches  with  the  propellers  at  thoir  ccrsual 
chordvise  position.  The  propulsive  force  coeff jcients  are  unaffected  by 
these  propeller  adjustments.  Khan  the  tip  clearance  is  increased  at  th# 
same  tii.:e  that  the  propellers  are  moved  to  the  forward  position,  the 
values  of  lift  and  pitching  moment  are  reduced  by  approximately  the  sua 
of  the  effects  of  the  individual  propeller  adjustments.  The  propulsive 
force  coefficients  are  unchanged. 

The  duct  characteristics  in  the  presence  of  the  3-bladed,  single 
rotating  propeller  (B.PjS)  are  shove  in  Figures  230  through  233.  Coat- 

paring  this  propeller  configuration  vnth  the  twisted,  3-bl.ded,  ccctra— 
rotating  propellers,  it  is  found  that  the  duct  pitching  moment  and  lift 
coefficients*  are  lover,  ar.-d  the  cuct  propulsive  force  is  higher.  In¬ 
creasing  the  tip  clearance  of  this  propeller  from  0.0li6  inches  to  0.058 
inches  at  a  blade  pitch  angle  of  33  degrees  lowers  the  duct  lift  and 
pitching  moment  coefficients  tut  does  not  change  the  duct  propulsive 
force  coefficient. 

The  duct  characteristics  for  D,  P,S  in  axial  flow  are  srewa  in 

U  J. 

Figure  23U. 

The  change  in  the  uuct  characteristics  for  the  D-jPjS  confirm stioa 

due  to  increasing  propeller  rot?ticr.3i  speed  from  3915  to 

sn  advance  ratio  of  0.05  is  shown  in  Figure  235.  The  lift  and  propulsive 
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force  coefficients  are  not  affected,  but  the  pitching  moment  coefficient 
is  decreased. 

The  duct-alcre  (ring-wing)  characteristics  for  Ducts  1,  3,  and  It 
without  propellers  at  a  tunnel  airspeed  of  approximately  62  ft/oec  are 
presented  in  Figures  236,  237  and  233.  A  comparison  of  the  duct  forces 
and  moments  (propellers  removed).  Figures  236,  237,  and  236,  with  the 
total  forces  and  moments  (propellers  removed),  Figures  101,  102,  and  103 
shows  the  electric  motor  housing  and  spinner  to  have  large  effects  in 
the  absence  of  the  propellers. 

L.lt  Slipstream  Characteristics 

Measurements  of  the  local  flaw  angularity  and  dynamic  pressure  in 
the  slipstream  vere  made  at  5  azimrth  locations  and  2  axial  positions 
(Table  7)  for  Duct  3  in  combination  with  a  set  of  twisted,  3-bladed, 
contra-rotating  propellers  (D^P^S)  at  various  tilt  angles,  advance 

ratios  and  propeller  blade  angles.  The  local  slipstream  angles  and 
components  of  local  dynamic  pressure  in  planes  parallel  to  the  model 
longitudinal  and  lateral  planes  of  symmetry  are  presented  in  Table  8. 

Tbs  slipstream  data  is  left  in  tabular  form,  since  the  particular  use 
of  the  data  would  dictate  the  form  in  which  it  should  be  plotted. 


5.  CONCLUSIONS 

The  wind  tunnel  test  program  conducted  to  investigate  th* 
aerodynamic,  cower,  and  slipstream  characteristics  of  Yarioua  d*c — 
propellers  in' static  and  forward  flight  conditions.  Following  are 
some  of  the  conclusions  resulting  free  that  program 

5.1  Static 

1.  Of  the  configurations  tested,  the  bell-mouth  duct  in  semi¬ 
nation  with  a  set  of  twisted,  3-bladed,  contra-rotating  propellers 
yielded  the  highest  figure  of  merit,  1.C7,  which  was 

57  percent  higher  than  the  maximum  figure  of  merit  of  0.66  obtained 
for  the  3ame  propeller  without  a  duct.  This  figure  of  merit.  r°f 
the  ducted  propeller  apparently  occurred  at  a  propeller  blade  pitch 
angle  of  roughly  19  degrees  at  the  0.?  racius  station,  although  t~* 
curve  of  figure  of  merit  vs.  blade  angle  was  actually  quite  flat. 

2.  The  two  larger  chord,  airfoil  type  ducts  produced  maxima* 
figures  of  merit  of  about  0.79  at  a  blade  pitch  angle  of  about  16 
degrees-.  The  shorter  chord  duct  produced  a  maximum  figure  of  merit 
of  0.72  at  a  blade  pitch  angle  of  17  degrees.  It  can  be  seen  that 
the  addition  of  the  short  chord  duct  provided  very  little  improve¬ 
ment  over  the  open  propeller. 

3.  Flow  separation  over  the  duct  lip  was  observed  in  the 
static  condition  for  all  of  the  airfoil  profile  ducts  tested.  Thia 
inlet  flow  separation  or  stall  is  considered  to  be  the  primary  cause 
of  the  relatively  poor  static  performance  of  these  ducts. 

h.  The  twisted,  3-bladed5  contra-rotating  propellers  produced 
slightly  higher  maximum  figures  of  sent  for  each  duct  tested  th 
did  the  twisted,  2-bladed,  contra-rotating  propellers.  A  set ^  con¬ 
stant  chord,  untwisted,  3-bladed,  contra-rotating  propellers  exhibited 

a  maximum  figure  of  merit  somewhat  lower  than  that  tor  the  t  -s  , 
3-bladed,  contra-rotating  propellers  in  ccnbmaLion  with  the  sae  d 

5.  At  the  optimum  propeller  blade  flrgle,  the  bell-mouth  duc* 
carried  h6  percent  of  the  total  static  thrust,  ana  the  two  l^rge-chord 
airfoil  ducts  carried  about  30  percent  of  the  total  static  th.-.v. 

The  small-chord  airfoil  duct  carried  only  1«.  percent  of  the  total 
static  thrust. 

6.  The  static  characteristics  of  the  ducted  propeller  con.  .gy¬ 
rations  were  essentially  unaffected  by  the  pre^nce  o  e  * 

except  in  the  case  of  the  bell-mouth  duct  configuration,  in  the 

thrust  carried  on  the  duct  was  slightly  reduced  by  the  presence  c-  t>.e 

tunnel  walls. 
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5-2  Forward  Flight 

1.  The  bell-mouth  duct  configuration  in  general  developed 
the  highest  forward  flight  efficiency  (or  equivalent  lift/drag 
ratio)  and  the  highest  lift  and  pitching  moment  coefficients  at 
the  condition  of  equilibrium  (kp  “  0).  Only  the  shorter  chord 

duct  showed  smaller  equilibrium  tilt  angles  (angle  at  which 
kp  “  0)  than  tfca  bell-mouth  duct  configuration. 

2.  The  three  airfoil  profile  ducts  tested  were  found  to 
have  flow  separation  at  the  duct  inlet  lip  for  tilt  angles 
corresponding  to  forward  flight  equilibrium  (k^  “  0). 


3.  The  exit  vanes  showed  little  effectiveness  in  lowering 
either  the  tilt  angle  or  the  pitching  moment  at  the  condition  of 
equilibrium  (k^  "  0). 

it.  The  presence  of  the  electric  motor  housing  in  the  exit  had 
co  effect  on  the  lift  and  power  coefficients,  and  only  slightly 
lowered  the  rropulsive  force  and  pitching  moment  coefficients,  and  in¬ 
creased  the  forward  flight  efficiency  md  tilt  angle  for  equilibrium 
(Kr  “  0)- 

5.  Increasing  the  clearance  between  the  propeller  tips  and  the 
duct  lowered  the  values  of  all. coefficients  and  of  the  forward  flight 
efficiency.  Moving  the  propellers  forward  in  the  duct  caused  different 
variations  in  the  model  performance,  depending  upon  the  propeller  blada 
srgle.  The  combination  of  the  widest  tip  clearance  and  most  forward 
propeller  location  produced  lower  lift  and  pitching  moment  coefficients 
and  lover  forward  flight  efficiency.  The  power  and  propulsive  force 
coefficients  ware  changed  only  slightly. 

6.  The  bell-south  duct  in  the  presence  of  the  propellers  and  the 
electric  motor  housing  in  the  slipstream  developed  maximum  duct  lift  . 
coefficients  up  to  ’.vice  those  of  the  longer  airfoil  ducts,  and  up  to- 
3.5  times  that  of  the  shorter  airfoil  duct.  Hie  boll-mouth  duet  devel¬ 
oped  several  tines  the  maximum  pitching  moment  coefficients  of  tho 
other  ducts,  and  slightly  higher  propulsive  force  coefficients..  The 
duct  force  and  pitching  moment  coefficients  were  altered  by  the  various 
rsacel  changes  and  adjustments  in  much  the  same  manner  as  were  the  total 
force  and  moment  coefficients. 


7.  The  aerodynamic  characteristics  of  the  ducts  without 
propellers  (i.e.#  ring-wing  data)  varied  as  might  te  expected; 
i.e.f  the  lift  and  drag,  built  up  as  the  angle  of  attack  increased 
until  the  stall  was  reached.  An  abrupt  change  was  experienced  at 
this  point,  owing  to  flow  separation  on  the  duct. 


•  •  •  • 
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DUCT  1<  ORDINATES  A!!D  OHIiHTATICT 
MODIFIED  NACA  6U21  SECTION 


uau.  cp  csmsiTa 
L.E.  tUdlue  -  .175 

Slope  of  Radio*  Thro 
End  of  Chord  ■  3/10 


CHORD 

X  (ic.) 

oma 

OHDITiATE 
Tq  (in.) 

mat 

0RDDU7Z 
Ij  (id.) 

0 

0 

.ohS 

.105 

-.075 

.090 

.236 

-.109 

.180 

.311 

-.150 

.270 

.365 

-.173 

'.360 

.115 

-.186 

.51)0 

.181) 

-.199 

.720 

.532 

-.198 

.900 

.563 

-.163 

1.080 

.  .581 

1.837 

.582 

1.000 

.SIS 

2.156 

.1)8!) 

2.520 

.358 

2.675 

■Eg 

!|j 

3.2  V) 

mm 

Hi 

3.1)20 

.059 

■ 

HI 

3.600 

|| 

Straight  Lins 
Between  these  Points 


•PHYSICAL  CHARACTERISTICS  Or  .“ODEL 


DUCT 

r  * 

3. 

Kinirrajn  Inside  Radius,  ft. 

1.00 

Minimum  Inside  Area,  sq.  ft. 

3.U* 

Chord  Length,  ft. 

.50 

Airfoil  Section 

h'ACA  6lt21 
(Hod.) 

Propeller  Position,  in. 

5.13* 

Propeller  Tip  Clearance,  in. 

.01*0 

2 

3 

1* 

1.00 

1.00 

1.00 

3.H* 

3.H* 

3.H* 

.5o 

.50 

■  .30 

NACA  OGlB 

Lemniscate 

(Hod.) 

NACA  6ii21 
(Mod.) 

5.13* 

2.59*  li.OBj 
5.13* 

3.08* 

.037  Pore  Prop. 

.01*6;  .008 

.039 

.076  Aft  Prop. 


formal  location  of  rear  propeller  reference  line 
(eee  Table  6}  from  duct  leading  edge. 


EXIT  VANE 

!Jumber  of  vanes 
Chord,  ft. 

Span,  ft. 

Total  Area,  sq.  ft. 


.20 


1.2* 


S;  i  metrical  1*1 
Thickness  Ratio 


►  •  • 


Airfoil  Section 


'ASLE  5  (cont.) 


PHYSICAL  CHARACTERISTICS  OF  MODEL 

CENTER30DT 

Diameter,  ft. 


Electric  Motor  Housing  and  Dummy 

,2i3 

Transmission 

.liO 

Hubs  and  Spinner 

.33 

Total  Length  for  Basic  Model, 

ft. 

2.83 

Total  .Length  with  Dummy  of  Electric 
Motor  Housing,  ft. 

ii.66 

Dummy  Engines 

(See  Figure  3C) 

PROPELLERS  (Contra-Rotating) 

No,  of  Blados/Propeller 

2  Twiated 

3  Twiated 

3  Untwisted 

Section 

RAP-6 

.  raf-6 

RAP-6 

t/c  at  ,7 R 

.12 

.12 

.12 

°.7R*  in- 

1.11 

1.11 

l.t<6 

Taper  (c1#QR  to  c>2R) 

.55 

.55 

.55 

Maximum  Radiua,  ft. 

.598 

.958 

.998 

Soli'iity 

.118 

.177 

.232 

Hlade  Pitch  Angle,  deg. 

Variable 

Variable 

Variable 

Distance  between 

1.50 

1.50 

1.50 

Propuller  Planes,  in. 


Blade  sections  from  20^  station  to  100jS  station  inclusive  are  RAF-6  airfoils 
of  12$  thickness  ratio. 


Blade  Station, 

20 

30 

u> 

5o 

60 

70 

80 

90 

100 

Blade  Chord,  in. 

1.51 

1.K6 

1.37 

1.2? 

1.20 

1.11 

1.03 

.9U 

.86 

TABLE  7 
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TABLE  8 


EXIT  VELOCIH  SUHVET  DATA. 
Part  a 


mT  at  Distance  behind  duct  «it  -  5.5©  inches  |  0  “  12  deSree3 


dee  deg-xin  ft 
sec 


deg  lb 
ft2 


3000  .  10 
3000  10 
3000  10 
3000  10 

3000  10 
3000  00 
3000  00 

3000  00 
3000  00 
3000  00 
3000  10 
3000  10 
3000  10 

3000  10 
3000  10 


3000  20 

3000  20 
3000  20 
3000  20 
3000  20 

3000  30 

3000  30 

300Q  30 

3000  30 

3000  30 

3000  40 

3000  40 

3000  40 

3000  40 

3000  4C 
3000  50 

3000  50 

3000  50 

3000  50 

3000  50 


166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166.43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 


20|4 
20j4 
204 
20ft 
2  Of* 
20ft 
20* 
20*4 

204 

20ft 

2  Of* 

2  Oft 

20ft 

204 

20ft 

20ft 

20ft 

20ft 

20ft 

20ft 

20ft 

20ft 

20ft 


02A76 
99099 
04(192 
04790 
' 04616 
01686 
99999 
i 04205 
041706 
<  04997 
1  0l|l45 
99999 
i  03|394 
1 05015 
1 05^35 

oojaeo 

’ 99999 
041238 
05!1 1 1 
05371 
OlilSl 
99999 
' 04353 
05277 


07359 
99999 
067  33 
06162 
05487 
0  7,2  3  2 

AftloCQ 


99999 


06691 

06*162 


05571 

07(197 

991999 

06607 

05-951 

05529 

07112 


99799 


01033 

99)999 

03556 

03ft60 

00018- 

0ljl05 

99799 

03226 

02960 

00,446- 

011105 

99799 

02731 

02(359 

00*370- 

001380 

99999 


06,523 


02*771 


. 06p76 
01580 


99999 
, 04650 
05300 
06,357 
01849 
99999 
04270 
05571 
061267 


06078 
65b29 
06943 
90999 
06312 
0591? 
05*535 
06729  ‘ 
99999 
06220 
05*704 
05366 
0&429 
99999 
06186 
05704 
05324 


02690 

00(135- 

01p'5»5 

99999 

02726 


02(588 
007 34- 


0l(iG9 

99999 


02737 


02931 

00972- 

01133 

99999 

02494 

02545 

00555 


01549 

99,999 

02i224 

03320 

04616 

0l|l37 

90(999 

02703 

03p65 

04(977 

OCpOO  * 

99399 

02780 

041 27 

03506 

0C307 

99999 

03211 

04352 

09312 

OOplO- 

99799^ 

03390* 

06  3ft  & 

•  00026 

oib*o« 

99999 
03765 
04424 
-  06233 
01421- 


07,356 

90999 

06727 

0&151 

05A&9 

07(230 

99?999 


06&S3 


06,149 


05349 

07296 

99(999 

06599 

05*93? 

05*308 

07(111 

90999 

06512 


0651? 
06:360 
05p00 
■  06542 
99399 


07354 
90999 
06719 
OfcjlSO 
05*487 
07(230 
99999 
0663d 
06*133 
03570 
"07195 
99099 
06599 
OSfeftS 
05520 
071111 
99  999 
. 06513 
06371 
‘  05*528 


9 

06  306 
053GB 
0553ft 
06*723 
99399 
06320 
05696 
05365 


06300 

05396 

05504 


061723 


99:999 


03670 
04?  6  2 
-  06242 


99999 

06^214 

05(587 

05333 

06(426 

99999 

0617ft 

05jS32 

05292 


06427 

99P99 


06(180 

O5&90 

05323 
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•  • 


WWW** 


'  v-:^i 


fr 


I* ■-• 


MB 


3010  30 


3010  30 

3010  30 


3010  30 

3010  40 


166  43 
166  43 
166  43 
166  43 
166  43 


TABLE  8. . 

PA KT  a  (continued) 


Cods 

a 

7 

Tuba 

No. 

No. 

deg 

deg-fflin 

ft 

eeo 

3000 

60 

166  43 

204 

1 

3000 

60 

166  43 

204 

2 

3000 

60 

166  43 

204 

3 

3000 

60 

166  43 

204 

4 

3000 

60 

166  43 

2C4 

5 

3000 

70 

166  43 

204 

1 

3000 

70 

166  43 

204 

2 

3000 

70 

166  43 

204 

3 

3000 

70 

166  43 

204 

4 

3000 

70 

166  43 

204 

5 

3000 

80 

166  43 

204 

1 

3000 

00 

166  43 

204 

2 

3000 

80 

166  43 

204 

3 

3000 

60 

166  43 

204 

4 

3000 

80 

166  43 

204 

5 

3000 

90 

166  43 

204 

1 

3000 

90 

166  43 

204 

2 

3000 

90 

166  43 

204 

3 

3000 

90 

166  43 

204 

4 

3000 

90 

166  43 

204 

5 

3010 

10 

166  43 

410 

1 

3010 

10 

166  43 

410 

2 

3010 

10 

166  43 

4  l'O 

3 

3010 

10 

166  43. 

410 

4 

3010 

10 

166  43 

410 

5 

3010 

00 

166  43 

410 

1 

3010 

00 

166  43 

410 

2 

3010 

CO 

166  43 

410 

3 

3010 

00 

166  43 

410 

.4 

3010 

00 

166  43 

410 

5 

3010 

10 

166  43 

41.0 

1 

3010 

10 

166  43 

410 

2 

3010 

10 

166  43 

410 

3 

3010 

10 

166  43 

410 

4 

3010 

10 

166  43 

410 

5 

3010 

20 

166  43 

41 Q 

1 

3010 

20 

166  43 

410 

2 

3010 

20 

166  43 

410 

3 

3010 

20 

166  43 

410 

4 

3010 

20 

166  43 

410 

5 

3010 

30 

166  43 

410 

1 

deg 


lb 

— 2 
ft 


01208 
99999 
04172 
05417 
06461 
01291 
99999 
04209 
04071 
05617 
00410 
99999 
03S52 
05001 
05903 
01724” 
99999 
03573 
04361 
05550 
21851  J 
99999 
20762 


*w*  ■ 

27508 

10024 

99999 

18150 

16746 

25236 

12997 

99999 

14643 

13021 

11195 

10279 


99599 

12331 


11360 

07800 


410 

410 

410 

410 

410 


£  99999 

3  10176 

4  10076 

5  06004 
l  07886 


06350 
99999 
06312 
05662 
03366 
06350 
99999 
06060 
05656 
05360 
06024 
99999 
05991  “ 
05487 
05276 
05667" 
99999 
05934 
05614 
05487 
0G354_ 
99999 
06243 
04726 
01341 
OG710 
99999 
06499 
05132 
01313. 
09118 
99999 
06026 
05604 
03131 
09322 
99999 
07080 
06075 
04772 
0922G 
99999 
07234 
06317 
05321 
08930 


i 

ia 

C 

a 

a 

deg 

deg 

lb 

— ? 
ft 

00381 

01146- 

06343 

99999 

99999 

99997 

02235 

03314  _ 

06300 

02514 

04305 

05642 

00598- 

06434 

03332 

00361 

01240- 

06348 

99999 

99999 

99999 

01992 

03711 

06047 

02269 

04314 

05639 

01161- 

03497 

05S35 

00304- 

00287 

06023 

99999 

99999 

99999 

* 


lb 

7? 


01406 

01946 


03507' 

04610 


01304-^05759 
00946-  01441 
99999 
0C338 
01045 
01 201' 

21100 


99999 

03475 

Q42S6 

03395 


05879' 

05459 

03249 

OSteSS 

999159 

05025 

03593 

03462 


99999 

20756 

10372 

15306 

1T637 

99599 

13159 

16693 

03301 

12717 

99999 

14494 

13679 

03442 

10171 

99999 

12065 

10773 

02717 

08503 

99999 

09332 

09098 

02493 

07870 


Q59GQ-  08324. 
99999  9<;999 
00369  0624? 
01371-  06726 
24614  01229 
03702-  C8701 
09999_99992 

€•0062  06433 
014G9-  03159 
24141  __Q2£C-9. 


06349 

999^9 

06307 

05656 

05363 

06349 

99999 

06056 

05651 

03338 

06023 

99999 

”05609 

05433 

05274 

05655 

99999 

03933 

”05513 

QS4S9 

67795 

99999 

CDG42 

04433 

02303 

QQ307 

95999 

*06273" 

04929 

01201 


02773- 

09107 

0SC24 

99999 

99  S'?® 

93933 

02210 

06821 

06609 

02054 

03603 

05443 

10670 

OS  076 

03223 

01517- 

09S2.S 

05173 

99999 

99939 

99999 

02625 

07072 

06923 

03692 

0  6  06)  2 

05968 

07331 

04733 

04766 

00434- 

09227 

03225 

99999 

99990 

93939 

02605 

07226 

07127 

04403 

0S298 

03237 

06339 

03203 

05326 

00515 

0S929 

0S365 

Oonsral  No  teat  1.  The  doc 
on  the 
2m  Negatlv 


Imftl  1- Nation  hna  been  Indicated  by  the  vertical 
first  |-«r.e  of  lit  In  tablet 

e  v.'ilm-e  In  tbe  table  -ure  followed  by  a  negative 


lines 

aign. 


'  1 


B'*n™-mTnTrra-trrvi  wu  er*T*a 

•  • 


.•1 


•M 


'  "xi 


(V<7a ».wX'.w~i -'-Un  <&;*«*'•*•' 


a 

'9 


UMZ  d. 

a  (cor timed) 


3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 

3010 


deg  deg-Ain  ft 


166  *3 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 
166  43 


3010 

80 

166 

43 

3010 

80 

166 

43 

3010 

80 

166 

43 

3010 

80 

166 

43 

3010 

90 

166 

43 

3010 

90 

166 

43 

3010 

9C 

166 

43 

3010 

90 

166 

43 

3010 

90 

166 

43 

3020 

10 

166 

43 

3020 

10 

166 

43 

3020 

10 

166 

43 

3020 

10 

166 

43 

3020 

10 

166 

43 

3020 

00 

166 

43 

3020 

00 

166 

43 

3020 

00 

166 

43 

3020 

00 

166 

43 

3020 

OC 

166 

43 

3020 

10 

166 

43 

3020 

10 

166 

43 

3020 

10 

166 

43 

3020 

10 

166 

4  3 

3020 

10 

166 

43 

3020 

20 

166 

43 

3020 

20 

166 

43 

410 
410 
410 
410 
410 
410 
410 
4  1C 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 
616 
616 
616 
616 
616 
617 
617 
617 
617 
617 
617 
617 
617 
617 
617 
617 
617 


2 

a 

99999 

7? 

99999 

3 

C2533 

C7192 

4 

08726 

063*7 

5 

€6277 

05616 

JL 

07700 

0S59C 

2 

59999 

99999 

”3 

08211 

06183 

** 

C82e0 

06178 

s 

06.027 

057*3 

* 

05*11 

08021 

2 

99999 

99999 

3 

076E0 

06730 

4 

C3218 

06220 

5 

05778 

05701 

1 

CS3&1 

07928 

2 

55?99 

99599 

07069 

07562 

C6546 

C2992 

99999 

06302 

C-6623 

C6026 

03203 

99999 

C4618 

C5765 

05693 

99999 

9399  9 

39999 

99999 

25097 

99959 

55999 

95999 

<£  4  Z  £  6 

99999 

2S32  7 

59399 

25610 

21504 

13701 

22538 

93999 


deg  deg 


06172 
05743 
07489 
99999 
06477 
06172 
05785 
07017 
99999 
06393 
06039 
05611 
99999 
99999 
99999 
99999 
01369 
3^99 
S' 3  9  99 
99999 
04811 

99999 
10920 
59999 
06752 
05682 
03101 
1 050? 
99999 


99999  1 

08101  I 
C7585  l 
02234  1 

07696 
99999 
06144 
06859 
01919 
C6318 
99999 
06663 
06222 
01862 
05342 
99999 
06028 
05587 
02230 
03992 
99999 
05165 
04892 
01618 
02880 
99999 
03460 
03431 
01067 
99999 

99999 

99999 
99999 
19383 
99999 
99999 
99999 
24236 
99999 
27171 
99999 
25592 
21178 
05314 
21761 
l  99999 


99999  9« 

02716  0" 

04365  0i 
05871  01 

00250  0 

99999  9 

05489  0 

04681  0 

05781  0 

01098-  0 
99999  9 

03854  0 

05411  0 

06522  C 
00461-  C 
99999  S 
03759  C 
05129  £ 

06160  C 

00049-  ( 

99999  * 

03631  < 

04487  l 

05808  1 

01404  1 

99999 

03056 

04607 

05593 

99999 

99999 

99999 

99999 

23325 

99999 
99999 
99999 
00161 
99999 
11229- 
99999 
01098 
04096 
,  12700 

06510- 
>  99999 


**0 

lb 

7? 

9999*9  * 

07184  ( 

06328  < 

05586  1 

08589 

99999 

06154 

06157 

05713 

08019 

99999 

06714 

06192 

05664 

07927 

99999 

06588 

06147 

05709 

07409 

99999 

06464 

06153 

05/55 

0701* 

99999 

06303 

06019 

05504 

99999 

99999 

99999 
99999 
Cl  269 
99999 
99999 
99999 
04810 
99999 
-  10753 
99999 
06750 
,  05469 

>  03025 
i-  10443 

>  99999 


99999 

07120 

06291 

05611 

08512 

99999 

06147 

06134 

05739 

07972 

99999 

06684 

C6183 

05698 

07893 

99999 

06566 

06142 

05738 

07470 

99999 

06430 

06149 

05782 

07000 

99999 

06381 

06027 

05610 

99999 

99995 

99999 

99999 

01203 

9999® 

99999 
59999 
04305 
59999 
09753 
99999 
1  06009 

1  05113 

>  03038 

I  09762 
)  99999 


General  Notre  1  1* 
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TAcLE  t 

PAST  a  (ccE.^i=»sd} 

tibe  1  ■!- 


deg 

00 

13* 

*5 

CO 

13* 

*5 

20 

134 

45 

20 

134 

45 

20 

13* 

45 

20 

134 

45 

on 

4-  W 

134 

*5 

40 

134 

45 

40 

1° 

43 

40 

134 

45 

40 

134 

*5 

40 

13* 

45 

60 

134 

45 

60 

134 

45 

60 

134 

45 

60 

134 

45 

60 

134 

45 

80 

134 

45 

80 

134 

45 

80 

134 

45 

040  ao 

DAO  80 
050  00 

050  00 

050  00 

050  00 

050  00 

050  20 

050  20 

i050  20 

i050  20 

1050  20 

1050  AO 
(050  AO 
5050  AO 
JG50  AO 
3050  AO 
3050  60 

3050  60 

3050  60 

3050  60 

3050  60 

3050  SO 
3050  80 

3050  80 

3050  80 


A  - 

134  *5  205 

134  45  *13 

134  45  A10 

13*  45  410 

134  45  *10 

134  45  *10 

134  *5  *18 

134  A5  *18 
134  45  A IS 
13*  A5  *18 
134  *5  *13 

134  *5  *18 

134  45  *1® 

134  45  *18 

134  45  *28 

134  45  *18 

134  45  416 

134  45  418 

134  45  *13 

134  *5  *18 

13*  45  *12 

134  45  *28 

134  45  *iS 
134  45  *18 

134  *5  *13 


4  11760  ; 

5  11112.  i 

1  07446  < 

2  99999 

3  09580  i 

4  10226  i 

5  10281 

1  06073 

2  99999 

3  08215 

4  08785 

5  08953 

1  03*34 

2  99999 

3  05571 

4  06305 

5  06643 

1  02578 

2  99999 

3  03673 

4  04176 

5  04329 

1  99999 

2  99999 

3  99999 

4  34309 

5  99999 
t  2909  7 

2  99999 

3  2*926 

4  24012 

5  99999 

1  16256 

2  99999 

3  16733 

4  17735 

5  17354 

1  09392 

2  999*9 

3  11027 

4  1207? 

5  12161 

1  0756? 

2  99999 

3  0771? 

4  06155 


ft" 

C5653 
C5*13 
€51 1C 
9C999 

Co.  *  32 
05605 
C5*55 
C7296 
99999 
C613S 
C-5625 
05*92 

<2  s**  6  & 

*  r 

05*59 

C5*C2 
05360 
C5915 
999  99 
05675 
€-5397 
'*5713 
99009 
99099 

cccqc 


1 

1, 

a 

F 

deg 

deg 

11721 

00993“ 

10671 

03170 

05962 

0*493“ 

99999 

99999 

09520 

01083“ 

10223 

00235 

C9536 

03912 

0*702 

03868- 

99999 

99999 

0821* 

00077 

08728 

01016 

07993 

04085 

02657 

02178- 

99999 

99999 

05545 

00539 

06210 

01095 

05735 

0337* 

02449 

00B06 

99999 

99999 

a 

lb 

77 

05652 


03614 

04120 

03411 

Q9V99 

99999 

09099 


00658 

octet? 

02672 

99999 

09999 

09999 


r5  c59 

3*062 

05275- 

r-4vc? 

99999 

99999 

15983 

25506- 

00909 

9*999 

99999 

T675? 

2*394 

05P03- 

CcC62 

23993 

oices- 

•59c  QC 

99999 

99999 

',?6eS 

08054 

1*303- 

-090c 

09999 

90909 

05?':7 

1*504 

02920- 

rcc'?o 

1  77?6 

nQOAl 

-<4p  70 

1652? 

°5tl  5 

f^QOO 

02*3? 

CO083- 

99909 

99990 

99999 

06  *76 

11026 

00128 

06078 

11927 

0 1 55* 

»ce:s 

11276 

04675 

CTol 

C2  52  A 

071 38- 

999  4'' 

99999 

99999 

C6-*-S 

07708 

CC275 

C6i?6 

~c  r>  ■»  7 

■„  r  -j  <-  1 

ni*59 

05405  < 

08083  t 

99999  * 

06*30  I 

0560*  .  < 

05**2  1 

07279 

99999 

06138 

0562* 

05478 

06*59 

99999 

05968 

05401 

05350 

0591* 

99999 

05674 

05396 

05307 

09999 

99999 

99995 

-  058*1 
99999 

-  08*85 
99999 

-  06226 

-  060ei 
99999 

-  08*23 
Q9999 

-  06269 
04919 
04  857 
C7897 

,  99999 

!  C6355 

.  06075 

i  C5570 
07704 
,  99999 

;  06347 

;  05834 


lb 

77 

05535 

05319 
08066 
99999 
063*3 
05712 
05379 
07271 
99999 
06075 
05559 
05*38 
06*56 
99999 
059*1 
05370 
05333 
05909 
99999 
05663 
05383 
03303 
99999 
99999 
99999 
04860 
99999 
09037 
99999 
05699 
05556 
99999 
03607 
99999 
06038 
05638 
’  04679 

'  07990 

)  99999 

>  06277 

>  05946 

}  05480 

u  07254 
9  99999 

7  06290 

4  05778 
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TAfcLE  6 

PART  a  (continued) 


Code 

a 

0 

V 

No. 

deg 

beg->*in 

ft 

3050 

80 

134  45 

sec 

418 

3060 

00 

174  45 

613 

3060 

00 

134  45 

613 

3060 

00 

134  45 

613 

3060 

00 

134  45 

613 

3060 

00 

134  45 

613 

3060 

10 

134  45 

614 

3060 

10 

134  45 

614 

3060 

10 

134  45 

614 

3060 

10 

134  45 

614 

3060 

10 

134  45 

614 

3060 

20 

134  45 

614 

3060 

20 

134  45 

614 

3060 

20 

134  45 

614 

3060 

20 

134  45 

614 

3060 

20 

134  45 

614 

3060 

30 

134  45 

616 

3060 

30 

134  45 

616 

3060 

30 

134  45 

616 

3060 

30 

134  45 

616 

3060 

30 

134  45 

616 

3060 

40 

134  45 

616 

3060 

40 

134  45 

616 

3060 

40 

134  45 

616 

3060 

40 

134  45 

616 

3060 

40 

134  45 

616 

3060 

50 

134  45 

616 

3060 

50 

134  45 

616 

3060 

50 

134  45 

616 

3060 

50 

134  45 

616 

3060 

30 

134  45 

616 

3060 

60 

134  45 

616 

3060 

60 

134  45 

616 

3060 

60 

134  45 

616 

3060 

60 

134  45 

616 

3060 

60 

134  45 

616 

3060 

70 

134  45 

616 

3060 

70 

134  45 

616 

3060 

70 

134  45 

616 

3060 

70 

134  45 

616 

3060 

70 

134  45 

616 

3060 

80 

134  45 

616 

3060 

80 

134  45 

616 

3060 

80 

134  45 

616 

3060 

80 

134  45 

616 

3060 

80 

134  45 

616 

Tube 

No. 


5 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 
3 
1 
2 

3 

4 

5 
1 
2 

3 

4 


3 

1 

2 

3 

4 

5 
1 
2 
3 


4 

5 


i 

0 

a 

o 

deg 

lb 

7? 

08719 

05635 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

90Q99 

99999 

99999 

99999 

99999 

99999 

99999 

30506 

07486 

99999 

99999 

30642 

10323 

99999  99999 

2599?  07501 


25282 

07112 

26439 

04810 

21706 

09533 

99999 

99999 

19848 

07281 

21060 

0681 3 

19870 

05487 

17886 

09011 

34823 

07498 

16435 

07229 

17475 

06700 

15979 

06123 

1672  7 

0815? 

99999 

99999 

13014 

06926 

12969 

06483 

12302 

06190 

14149 

08104 

99999 

99999 

11207 

06989 

11483 

06372 

11082 

05966 

i 

a 

deg 


07464 

99099 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

30471 

99999 

12863 

99999 

25712 

25281 

25762 

08166 

99999 

19740 

21040 

19081 

03364 

34644 

16428 

17408 

15183 

07473 

99999 

12997 

12857 

11592 

06920 

99999 

11161 

11464 

10450 


deg 


03715 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

01786 

99999 


99999 
04408 
002  33 
06833 


05523 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

07483 

99999 


99999 

07482 

07111 

04782 


05488 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

06452 

99999 

10121 

99999 

06761 

06430 

04337 

09447 

99999 

06853 

06358 

05180 

00996 

06174 

06933 

06393 

05910 

08087 

99999 

06748 

06320 

06064 

08047 

99999 

06856 

06244 

05867 


20370-  08947 
99999  99999 

02244-  07275 
00998  06812 

05974  05460 

17606-  08590 
04588  07481 

00508-  07228 
01635  06697 

05050  06100 

15130-  07873 
99999  99999 

00684-  06925 
01758  06480 

04232  06173 

12459-  07915 
99999  99999 

01034-  06987 
00678  06371 

03772  05953 


28661-  09110 


General  No tee *  1* 


The  decimal  1. cation  h/m  been  Indicated  by  the  vertical  lines 
tin  the  first  ) ’•'»)*«!  of  thin  table. 

tl-gatlv.i  v  J.i.o  lu  the  table  are  followed  by  a  negative  sign. 


PAST  a  (cor.tinrwd) 


Cede 

£ 

0 

V 

Ho. 

deg 

deg-mln 

ft 

eee 

3060 

90 

134 

45 

616 

3060 

90 

134 

45 

616 

3060 

90 

134 

45 

616 

3060 

90 

134 

45 

616 

3060 

90 

134 

45 

616 

3070 

00 

134 

45 

000 

3070 

00 

134 

45 

000 

3070 

00 

134 

45 

000 

3070 

02 

134 

45 

000 

3070 

00 

134 

45 

CCO 

3080 

00 

090 

50 

205 

3000 

00 

090 

58 

205 

3000 

00 

090 

58 

205 

3080 

CO 

090 

50 

205 

3080 

00 

090 

58 

205 

3080 

20 

090 

58 

206 

3080 

20 

090 

58 

206 

3080 

20 

090 

58 

206 

3080 

20 

090 

58 

206 

3080 

20 

090 

58 

206 

3030 

40 

090 

58 

207 

3080 

40 

090 

58 

207 

3000 

40 

090 

53 

207 

30G0 

40 

090 

53 

207 

3030 

40 

090 

58 

207 

3080 

60 

090 

58 

207 

3060 

60 

090 

58 

207 

30G0 

60 

090 

58 

207 

30S& 

60 

090 

58 

207 

3030 

60 

090 

58 

207 

3080 

GO 

090 

58 

207 

3080 

80 

090 

58 

207 

3080 

80 

090 

58 

20? 

3080 

30 

090 

58 

207 

3080 

80 

090 

58 

207 

3090 

00 

090 

58 

411 

3090 

00 

090 

58 

411 

3090 

00 

090 

58 

411 

3090 

00 

090 

56 

411 

3090 

03 

090 

58 

411 

3090 

20 

090 

58 

411 

3090 

20 

090 

58 

411 

3090 

20 

090 

58 

411 

3090 

20 

090 

58 

411 

3090 

20 

090 

58 

411 

3090 

40 

090 

56 

411 

Tuba 

No. 


j  03831 

2  99999 

3  05937 

4  05021 

5  050C5 

1  C4582 

2  99999 

3  01746 

4  02083 

5  G2626 
j  99999 

2  27350 

3  21113 

4  20459 

5  19500 
j  15100 

2  13062 

3  12632 

4  13770 

5  14313 

1  09496 

2  09205 

3  09585 

4  11524 

5  11320 

1  07299 

2  C6719 

3  07413 

4  OS 98 5 

5  09187 

1  C2&67 

2  C3SC3 

3  C394& 

4  04875 

5  055 1 3 

^  99999 

2  99999 

3  99999 

4  99999 

5  coe)99 
j  99999 

2  99999 

3  99999 

4  S9999 

5  99999 

1  21447 


% 


lb 


07194 
99939 
C  6603 
05996 
06033 
04617 
99999 
05299 
05164 

05226 

99959 

059ei 

05296 

05532 

05422 

05812 

06591 

06075 

05945 

05830 

05651 

064*4 

06099 
05692 
05981 
05335 
06529 
061*1 
05&7& 
05749 
04£6I 
06311 
05973 
05569 
05569 
99993 
99939 
99399 
99999 
•  99939 
99399 
99933 
99939 
99999 
99999 
06970 


1 

a 

deg 


06589 

99999 

05747 

06021 

04674 

04559 

99999 

01677 

01951 

00892 

99999 

19113 

17243 

17840 

17878 

12894- 

12403 

12046 

13102 

14317 

08008- 

08969 

09274 

11195 

11129 

06072- 

06645 

07331 

09832 

09107 

01347- 

03765 

03945 

04847 

05507 

99999 

99999 

99999 

99999 

99999 

99999 

39999 

99999 

99999 

99999 

18123- 


H 

deg 


05931- 

99999 

01493- 

00046- 

01796 

00452- 

99999  ' 

00492  - 

00732 

02470 

99999 

21007- 

12938— 

10684- 

08313- 

08129- 

04225- 

03914- 

04389- 

03963- 

05170- 

02103- 

02464- 

02807- 

02225- 

040SC- 

oioco- 
,  01109- 
01676- 
01229- 
02303- 
00539 
00052 
00521- 
00258 
99999 
059^9 
99939 
<59999 
09999 
<39999 
99999 
99399 
99995 
99999 
12257- 


% 


lb 


07156 
99999 
06600 
05976 
06029 
04616 
99999 
G5Z98 
05183 
05221 
99999 
05622 
05172 
05444 
05370 
05756 
06573 
06061 
05929 
05766 
0563  8 
06439 
06093 
C5685 
05B77 
C5381 
05527 
06139 
C5673 
05747 
C4S57 
06310 
C5972 
05568 
05568 
99999 
99399 
99999 
59999 
59999 
99999 
99999 
99999 
99999 
99999 
C6S2  5 


07146 

95999 
06569 
05962 
06012 
04602  - 
99999 
05296 
05180 
05225 
99999 
05690 
05069 
05274 
05165 
05668 
06437 
05941 
05792 
05620 
05606 
06365 
06019 
05583 
05770 
Q.5364 
06485 
06090 
05608 
05676 
04859 
06297 
05958 
05549 
05543 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
06638 


General  Rotes i  1. 


2. 


The  decimal  1  call -n  he a  been  Indicated  by  the  vertical  linen 
on  l be  first  e  of  l!i  in  ta-la. 

v-JUe-a  Ijj  U>8  l«!>ln  •Ttre  followed  by  a  rwija.tlve  si^no 


TA£L£  8 


PAiiT  a  (continued) 


Coda 

a 

0 

V 

Tune  i 

q 

1 

la 

q 

No. 

No. 

a 

a 

a 

■ 0 

deg 

deg-* In 

ft 

deg 

lb 

deg 

deg 

lb 

sec 

~T2 

~7 

ft 

ft 

3090 

40 

090 

58 

411 

2 

21771 

07136 

20740 

07238- 

07086 

3090 

40 

090 

58 

411 

3 

20922 

06710 

20111 

06273- 

06674 

3090 

40 

090 

58 

4!1 

4 

22357 

06493 

21620 

06271- 

06459 

3090 

40 

090 

58 

411 

K 

23095 

06179 

22738 

04504- 

06162 

3090 

60 

090 

58 

411 

1 

14  369 

06607 

13051- 

06223- 

0657C 

3090 

60 

090 

58 

411 

2 

13925 

06942 

13624 

02990- 

06933 

3090 

60 

090 

58 

411 

3 

13836 

06555 

1 3580 

02760- 

06547 

3090 

60 

090 

58 

411' 

4 

15221 

06371 

14960 

02939- 

06363 

3090 

60 

090 

58 

411 

5 

16338 

05966 

16200 

02242- 

05961 

3090 

80 

C90 

58 

411 

1 

07763 

05185 

07462- 

02164- 

05181 

3090 

80 

090 

58 

411 

'2 

07552 

06865 

07457 

01207 

06863 

3090 

80 

090 

58 

411 

3 

08004 

06474 

07908 

00506 

06473 

3090 

80 

090 

58 

411 

4 

09027 

06265 

09026 

00091- 

06265 

3090 

80 

090 

58 

411 

5 

09552 

05915 

0955? 

00020- 

05914 

3100 

00 

090 

58 

619 

1 

99999 

99999 

99999. 

99999 

99999 

3100 

00 

090 

58 

619 

2 

99999 

99999 

99999 

99999 

99999 

3100 

00 

090 

58 

619 

3 

99999 

99999 

99999 

99999 

9999° 

3100 

00 

090 

58 

619 

4 

99999 

99999 

99999 

99999 

99999 

3100 

00 

090 

58 

619 

5 

99999 

99999 

99999 

99999 

99999 

3100 

10 

090 

58 

619 

1 

99999 

99999 

99999 

99999 

99999 

3100 

10 

090 

58 

619 

2 

99999 

99999 

99999 

99999 

99999 

3100 

10 

090 

58 

619 

3 

99999 

99999 

99999 

99999 

99999 

3100 

10 

090 

58 

619 

4 

99999 

99999 

99999 

99999 

99999 

3100 

10 

090 

58 

619 

5 

99999 

99999 

99999 

99999 

99999 

3100 

20 

090 

58 

619 

1 

99999 

99999 

99999 

99999 

99999 

3100 

20 

090 

58 

619 

2 

99099 

99999 

99999 

99999 

99999 

3100 

20 

090 

50 

619 

3 

99999 

99999 

99999 

99999 

99999 

3100 

20 

090 

58 

619 

4 

99999 

99999 

99999 

99999 

99999 

3100 

20 

090 

50 

619 

5 

99999 

99999 

99999 

99999 

99999 

3100 

30 

090 

58 

619 

1 

99999 

99999 

99999 

99999 

99999 

3100 

30 

090 

58 

619 

2 

99999 

99999 

99999- 

99-999 

99999 

3100 

30 

090 

58 

619 

3 

99999 

99999 

99999 

99999 

99999 

3100 

30 

090 

58 

619 

4 

99999 

99999 

99999 

99999 

99999 

3100 

30 

090 

58 

619 

5 

99999 

99999 

99999 

99999 

99999 

3100 

40 

090 

58 

619 

1 

99999 

99999 

99999 

99999 

99999 

3100 

40 

090 

58 

619 

2 

99999 

99999 

99999 

99999 

99999 

3100 

40 

090 

58 

619 

3 

99999 

99999 

99999 

99999 

99999 

3100 

40 

090 

58 

619 

4 

99999 

99999 

99999 

99999 

99999 

3100 

40 

090 

58 

619 

5 

99999 

99999 

99999 

99999 

99999 

3100 

50 

090 

58 

619 

1 

27507 

07587 

25429- 

11989- 

07451 

31O0 

50 

090 

58 

619 

2 

29558 

08038 

28901 

07393- 

07986 

3100 

50 

090 

58 

619 

1 

26742 

07287 

26070 

06373- 

07244 

3100 

50 

090 

58 

619 

4 

99999 

99999 

99999 

99999 

99999 

3100 

50 

090 

58 

619 

6 

90999 

99999 

99999 

99999 

99999 

3100 

60 

090 

58 

620 

1 

18917 

07152 

18367- 

04856- 

07128 

31O0 

60 

090 

50 

620 

2 

15822 

07890 

15746 

01632- 

07887 

General  Noted s  1.  Tin-  d«*r lin.il  l--cat.lr.it  has  l-t-cii  indicated  by  the  vertical 
fit  tt.r  first  |  ;i|  e  of  tl-in  table. 

2.  tj.-gitlvn  v  .ln>  e  In  lim  table  are  fallowed  Gy  h  negative 


06680 

06305 

06041 

05701 

06438 

06747 

06372 

06155 

05729 

05141 

06806 

06411 

06187 

05832 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

06879 

07050 

06554 

99999 

99999 

06790 

07594 


lines 

olgn. 


!■ 


TABLE  6 

PANT  a  (continued) 


it '  * 

Code 

0 

V 

Tube  1 

Q 

1 

13 

q 

a 

No. 

No 

a 

• 

a 

a 

Ha 

V 

i 

deg 

deg-ioin 

ft 

deg 

lb 

deg 

deg 

lb 

lb 

ai 

sec 

ft7 

— 2 

— 2 
ttr 

m  . 

3100 

60 

090 

58 

620 

3 

15524 

07488 

15377 

02242- 

07482 

07220 

v  I 

3100 

60 

090 

58 

620 

4 

17453 

06959 

17251 

02813- 

06951 

06646 

3100 

60 

090 

58 

620 

5 

18753 

06508 

18692 

01613- 

06505 

06164 

yw 

3100 

70 

090 

58 

620 

1 

17728 

06242 

17569- 

02520- 

06236 

05951 

1 

3100 

70 

090 

58 

620 

2 

13041 

07020 

13029 

00575 

07819 

07618 

1 

3100 

70 

090 

58 

620 

3 

13174 

07420 

13171 

00252- 

07427 

07232 

l.  -  ^ , 

3100 

70 

090 

58 

620 

4 

14353 

07032 

14302 

01270- 

07030 

06814 

i 

3100 

70 

090 

58 

620 

5 

14991 

06607 

14901 

00589- 

06606 

06382 

i, 

3100 

80 

090 

58 

620 

1 

11392 

06090 

10956- 

03200- 

06080 

05979 

r 

3100 

80 

090 

58 

620 

2 

10567 

07246 

10566 

00121- 

07245 

07123 

3100 

00 

090 

58 

620 

3 

10635 

06726 

10604 

ooe30- 

06725 

06611 

r 

3100 

80 

090 

58 

620 

4 

10764 

06617 

10677 

01397- 

06615 

06502 

\ 

3100 

80 

090 

58 

620 

5 

11146 

06386 

11130 

00609- 

06385 

06265 

V."  . 

3100 

90 

090 

58 

620 

1 

06422 

05896 

05405- 

03489- 

05885 

05869 

[• 

3100 

90 

090 

58 

620 

2 

06838 

06907 

06805 

00677- 

06906 

06858 

3100 

90 

090 

58 

620 

3 

07005 

06558 

06876 

01349- 

06556 

06510 

•Y- 

3100 

90 

090 

58 

620 

4 

07570 

06168 

07261 

02161- 

06163 

06118 

3100 

90 

090 

58 

62 

5 

07451 

06036 

07385 

00998- 

06035 

05985 

3110 

00 

090 

58 

006 

1 

06006 

03771 

04380 

04125- 

03761 

03759 

3110 

00 

090 

58 

000 

2 

01212 

06090 

01177 

00288 

06089 

06088 

3110 

00 

090 

58 

000 

3 

02388 

-05549 

02388 

OOC55- 

C554B 

05544 

3110 

00 

090 

58 

000 

4 

02388 

05476 

02264 

00761- 

05475 

05471 

pTY 

3110 

00 

090 

58 

000 

5 

02704 

05265 

02701 

001 28 

05264 

05259 

3120 

00 

045 

1C 

206 

1 

99999 

99999 

99999 

99999 

99999 

99999 

Ey: 

3120 

00 

045 

10 

206 

2 

99999 

99999 

99999 

99999 

99999 

99999 

I:-"'. 

3120 

00 

045 

10 

206. 

3 

16732 

04626 

15350 

06987- 

04594 

04463 

3120 

00 

045 

10 

206 

4 

16777 

04743 

14408 

08967- 

04688 

04597 

3120 

00 

045 

10 

206 

5 

16112 

05440 

13741 

06741- 

05380 

05287 

3120 

20 

045 

10 

206 

1 

99999 

99999 

99999 

99999 

99999 

99999 

AM 

3120 

20 

045 

10 

206 

2 

15774 

03945 

11624 

10956- 

03375 

03866 

[--V 

3120 

20 

045 

10 

206 

3 

14071 

05244 

12029 

07518- 

05200 

05130 

• 

3120 

20 

045 

10 

206 

4 

13919 

05349 

11657 

07018- 

05301 

05240 

f  t 

3120 

20 

045 

10 

.206 

5 

13639 

05732 

11560 

07436- 

05685 

05617 

■Y-~ 

3120 

40 

045 

10 

206 

1 

99999 

99999 

99999 

99999 

99999 

99999 

3120 

40 

045 

10 

206 

2 

11034 

06060 

09038 

C5C94- 

06036 

05971 

• 

3120 

40 

045 

10 

206 

3 

1 025  T 

06222 

09442 

04080- 

06206 

06138 

3120 

40 

045 

10 

206 

4 

10177 

06144 

09019 

04793- 

06123 

06068 

L  •* . 

3120 

40 

045 

10 

206 

5 

11060 

06174 

09705 

05407- 

06147 

06086 

k  *  " 

3120 

60 

045 

10 

207 

1 

09410 

00212 

06668- 

06699 

00210 

00210 

3120 

60 

045 

10 

207 

2 

07243 

06356 

07042 

01714- 

06353 

06308 

i.y. 

3120 

60 

045 

10 

207 

3 

07046 

0622? 

06368 

03040- 

06213 

06183 

3120 

60 

045 

10 

207 

4 

06445 

06120 

05465 

0 1 4  3  7  - 

05109 

06C9r 

•  1 

3120 

60 

045 

10 

207 

4 

06657 

06036 

0604  4 

02812- 

06028 

06002 

3120 

80 

045 

10 

207 

1 

06472 

01527 

03914- 

05170 

01520 

01523 

'  •  q 

3120 

BO 

045 

10 

207 

2 

04077 

06096 

04  734 

01170- 

06094 

06075 

[::■■:  I 

3120 

80 

045 

10 

207 

3 

04984 

06866 

04274 

02573- 

05879 

05668 

General  NoteBi  1.  Tin*  decimal  l  tum  in-«-n  inti  Seated  by  the  vertical  lines 

<  n  1ln-  first.  I'  ll  ti  Of  Hi  to  libl-. 

2a  Vilmn  In  Hio  *  «!»!«  are  followed  by  a  negative  sign* 


TABLE  6 

?AKT  *  (continued) 


Code 

a 

0 

V 

No. 

deg 

deg- 

■«ln 

ft 

3120 

80 

045 

10 

sec 

207 

3120 

80 

045 

10 

207 

3130 

00 

045 

01 

411 

3130 

00 

045 

01 

411 

3130 

00 

045 

01 

411 

3130 

00 

045 

01 

411 

3130 

00 

045 

01 

411 

3130 

20 

045 

01 

413 

3130 

20 

045 

01 

413 

3130 

20 

045 

01 

413 

3130 

20 

045 

01 

413 

3130 

20 

045 

01 

413 

3130 

40 

045 

01 

413 

3130 

40 

045 

01 

413 

3130 

40 

045 

01 

413 

3130 

40 

045 

01 

413 

3130 

40 

045 

01' 

413 

3130 

60 

045 

01 

413 

3130 

60 

045 

01 

413 

3130 

60 

045 

01 

413 

3130 

60 

045 

01 

413 

3130  60 

3130  30 

3130  80 

3130  80 

3130  00 

3130  80 

3140  00 

3140  00 

3140  00 

3140  00 

3140  00 

3140  10 

3140  10 

3140  10 

3140  10 

3140  10 

3140  20 

3140  20 

3140  20 

3140  20 

3140  20 

3140  30 

3140  30 

3140  30 

3140  30 


045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 
045  01 


412 

412 

412 

412 

412 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 

619 


Tube 

No. 


4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
? 

3 

4 


1 

a 

**0 

1 

a 

deg 

lb 

— ? 
ft 

deg 

04948 

05776 

03740 

04589 

05608 

04105 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

29480 

03548 

28098 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

24629 

04263 

22437 

20370 

05461 

19097 

23181 

05934 

21433 

21535 

06424 

19822 

99999 

99999 

99999 

13051 

06758 

12325 

12031 

06655 

11137 

12714 

06345 

11521 

12416 

06695 

11435 

07709 

02762 

03166' 

03904 

07070 

03842 

04172 

06726 

03696 

04355 

06240 

03383 

Ti 

deg 


04755 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 


06156 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 


04384 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 


03248 
02058 
99999 
99999 
99999 
99999 
10524- 
99999 
99999 
99999 
99999 
99999 
99999 
11265- 
07638- 
09707- 
09123- 
99999 
04428- 
04668- 
05524- 
04966- 
07043 
00696- 
01940- 
02748- 
01849- 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 

99999 
99999 
99999 
99999 


lb 

*— 7 
ft 

05766 
05604 

99999 

99999 

99999 

99999 

03501 

99999 

99999 

99999 

99999 

99999 

99999 

04192 

05417 

05860 

06351 

99999 

06738 

06633 

06316 

06670 

02741 

07069 

06722 

06232 

06152 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 


lb 

— 2 

ftr 

05763 
05598 
99999 
99999 
99999 
99999 
03141 
99999 
59999 
99999 
99999 
99999 
99999 
03951 
05165 
05534 
06052 
99999 
06603 
06530 
06218 
06563 
02757 
07054 
06711 
06229 
06138 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
93999 
99999 
99999 
99999 
99999 
99999 


General  No teat 


1.  Tin;  declual  1  cat  ion  has  been  located  by  the  vertical  llnee 

mi  tin-  l  lrnt-  of  tbln  table.  , 

lire  followed  by  a  nega-ivo  sign. 


2Jrg  »tU»  v  .!•«<•»  In  ib« 


Ccki«»  a  $ 

Nu« 

deg  deg-min 


7 

ft 

e&c 


3140 

30 

045 

01 

619 

3140 

40 

045 

01 

621 

*140 

40 

045 

01 

621 

3140 

40 

045 

01 

621 

3140 

40 

045 

01 

621 

3140 

40 

045 

01 

621 

3140 

50 

045 

01 

621 

3140 

50 

045 

01 

621 

3140 

50 

045 

01 

621 

3140 

50 

045 

01 

621 

3140 

50 

045 

01 

621 

3140 

60 

045 

01 

621 

3140 

60 

045 

01 

621 

3140 

60 

045 

01 

621 

3140 

60 

045 

01 

621 

3140 

60 

045 

01 

621 

3140 

70 

045 

01 

621 

3140 

70 

045 

01 

621 

3140 

70 

045 

01 

621 

3140 

70 

045 

01 

621 

3140 

70 

045 

01 

621 

3140 

80 

045 

01 

621 

3140 

80 

045 

01 

621 

3140 

SO 

045 

01 

621 

3140 

80 

045 

01 

621 

3140 

B0 

043 

01 

621 

3150 

00 

045 

01 

ooo 

3150 

00 

045 

01 

000 

3150 

00 

045 

01 

000 

3150 

00 

045 

01 

000 

3150 

00 

045 

01 

000 

3160 

00 

000 

29 

203 

3160 

00 

000 

29 

203 

3160 

00 

000 

29 

203 

3160 

00 

008 

29 

203 

3160 

00 

008 

29 

203 

3160 

20 

008 

29 

203 

3160 

20 

008 

29 

203 

3160 

20 

008 

29 

203 

3160 

20 

000 

29 

203 

3160 

20 

008 

29 

203 

3160 

40 

008 

29 

203 

3160 

40 

008 

29 

203 

3160 

40 

008 

29 

203 

3160 

40 

008 

29 

203 

3160 

40 

008 

29 

203 

TAtLL  8 

PART  a  (continued) 


^ihz 

No. 

i 

a 

% 

St 

S 

qa 

deg 

lb 

7? 

deg 

deg  lb 

— 7 
ft 

lb 

ft 

5 

99999 

99999 

99999 

99999 

99999 

99999 

1 

99999 

99999 

99999 

99999 

99999 

99999 

2 

31629 

05851 

30512 

10142-  05782 

05061 

3 

26830 

06952 

25869 

08186-  06894 

06267 

4 

28356 

C6S60 

26639 

11264-  06773 

06173 

5 

25193 

07625 

23503 

10167-  07523 

07009 

1 

99999 

99999 

99999 

99999 

99999 

99999 

2 

25312 

06598 

24290 

08051-  06543 

06023 

3 

22308 

06855 

21283 

07344-  06806 

06394 

4 

22886 

06699 

21225 

09390-  06620 

C6255 

5 

21665 . 

07252 

20062 

08884-  07175 

06821 

1 

99999 

99999 

99999 

99999 

99999 

99999 

2 

16900 

07340 

16158 

05224-  07311 

07052 

3 

15962 

06998 

15046 

055B1-  06966 

06760 

4 

16394 

06725 

14835 

07296-  06674 

06504 

5 

16192 

07204 

14824 

06813-  07156 

06967 

1 

21141 

03671 

09830- 

19070 

03474 

03622 

2 

11877 

07720 

11568 

02769-  07711 

07563 

3 

10750 

07280 

1 01 98 

03473-  07267 

07165 

4 

11624 

06800 

10539 

05017-  06774 

06686 

5 

11422 

07274 

10437 

04745-  07249 

07154 

1 

12292 

04003 

03092- 

11919 

03916 

03997 

2 

08121 

07967 

08059 

01016-  07965 

C7338 

3 

07881 

07609 

07450 

02599-  07601 

07544 

4 

078  58 

07098 

07048 

03508-  07084 

07044 

5 

08165 

07098 

0744  7 

03387-  07085 

07038 

1 

06897 

02038 

03388- 

06021-  02026 

02034 

2 

01837 

05329 

00941 

01578-  05326 

05328 

3 

02526 

04960 

01315 

02157-  04956 

04958 

4 

02357 

04970 

0038? 

02326-  04965 

04969 

5 

01042 

04760 

00480 

00.925-  04759 

04759 

1 

99999 

99999 

99999 

99999 

99999 

99999 

2  . 

13236 

00212 

10315 

08474 

00209 

00208 

3 

09706 

03615 

08977 

03751 

03607 

03570 

4 

10561 

04454 

10464 

01459 

C4452 

04379 

5 

09996 

04901 

09532 

03066 

04694 

04833 

1 

2 

99999 

99999 

99999 

99999 

99999 

99999 

08089 

00762 

06441 

04935 

00759 

00757 

3 

11135 

04713 

10685 

03208 

04705 

04631 

4 

10318 

04576 

101  30 

02001 

04573 

04504 

5 

09705 

04985 

09202 

03137 

04977 

04S20 

1 

2 

10012 

00468 

09881 

01649-  00467 

C0460 

08795 

04322 

08339 

02837 

04316 

04276 

3 

09188 

05423 

08919 

02242 

05418 

05357 

4 

07975 

05159 

07535 

02644 

05153 

05114 

5 

07592 

05445 

06952 

03080 

05437 

05405 

Ge.ieral  Notcss  1<  The  decimal  1. cation  liwi  liftn  indicated  by  the  vertical  lines 
mi  It. i-  fli'jit  j'.’if.e  of  tafile. 

2«  M*-g-*ttv*»  vtlm-a  in  me  t 'tliln  are  followed  by  a  negative  signs 


?U<S  a  (continued)  . 


Coda 

No* 


a  0  * 

dog  deg-*#ln  1 1 
sec 


Tuba 

No. 


a 

deg 


lb 

— ? 
ft 


a 

deg 


deg 


lb 

7? 


3160  60 
3160  60 
3160  60 
3160  60 
3160  60 
3160  80 
3160  SO 
3160  80 
3160  80 
3160  00 
3170  00 

3170  00 

3170  00 

3170  00 

3170  00 

3170  20 

3170  20 

3170  20 

3170  20 

3170  20 

3170  60 

3170  *0 

3170  60 

3170  60 

3170  60 

3170  60 

3170  60 

3170  60 

3170  60 

3170  60 

3170  SO 
3170  80 

3170  80 

3170  SO 
3170  SO 
3180  00 

3100  00 
3180  00 
3180  00 
3130  00 

3130  10 

3180  10 
3180  10 
3180  10 
3180  10 
3180  20 


008  29 
008  29 
008  29 
008  29 
008  29 
008  29 
008  29 
008  29 
008  29 
008  29 
008  29 
008  29 
008  29 
COB  29 
003  29 
008  29 
008  29 
003  29 
008  29 
003  29 
COS  29 
003  29 
003  29 
003  29 
008  29 
OOS  29 
003  29 
003  29 
00B  29 
003  29 
000  29 
003  29 
OOS  29 
003  29 
008  29 
009  29 
003  29 
003  29 
003  29 
003  29 
008  29 
008  29 
008  29 
003  29 
000  29 
000  29 


203 

203 

203 

203 

203 

203 

203 

203 

203 

203 

605 

605 

605 

605 

605 

605 

605 

605 

605 

605 

603 

605 

605 

605 

605 

606 
606 
606 
606 
606 
606 
606 
606 
606 
406 
611 
611 
611 
611 
611 
612 
612 
612 
612 
612 
612 


1 

2 

3 

4 

3 

1 

2 

3 

6 

5 


3 
6 

5 
1 
2 
3 

6 
5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 


02321 
07285 
05806 
0408  7 
05038 
02680 
04844 
03243 
02982 
04386 
99999 
99999 
99999 
17244 

15618 

99999 
99999 

01593 

20396 

19484 

99999 

16'*30 
17821 
15507 
14753 
13605 
10413 
093S0 
0796S 
07140 
06163 
07130 
05707 
04491 
05070 
99999 
99999 
99999 
99999 
02399 
99999 

99999 
99999 
99999 
24753 
93999 


01183 
05805 
05675 
05397 
05481 
02830 
05927 
05675 
05392 
05439 
99999 
99999 
99999 
01004 
02779 
99999 
99999 
00000 
01675 
04093 
99999 
01980 
04062 
04572 
05238 
01492 
06060 
05717 
05709 
06036 
02545 
06356 
06222 
05903 
05945 
99999 
99999 
99999 
99999 
00000 
99999 
99999 
99999 
99999 
01298 
99999 


02313 
06870 
05305 
03343 
04127 
01070 
04063 
02324 
01095 
02375 
99999 
99999 
99999 
15279 
15493 
99999 
99999 

00750 
20350 
19359 
99999 
16430 
17814 
15458 
14602 
12923 
10237 
09176 
07  556 
06399 
06070 
06737 
05033 
03527 
03711 
99999 
99999 
99999 
99999 
02317- 
99999 
99999 
99999 

99959 
1797': 
99999 


00188 

02445 

02371 

02356 

02900 

02238- 

02645 


02774 
03691 
99999 
99999 
99999 
08383- 
02070 
99999 
99999 
01406 
01501- 
02377 
99999 
00066 
00537 
01294 

02231 

04660 

01949 

01978 

02559 

03193 

01073- 

02355 

02694 

02787 

03464 

99999 

99999 

99999 

99999 

00624 
99999 
99999 
99999 
99999 
18140 
99999 


01182 
05799 
05670 
05392 
05474 
02827 
05920 
05670 
05385 
05427 
99999 
99999 
99999 
00993 
02777 
99999 
99999 
00000 
01674 
04C89 
99999 
01979 
04061 
04570 
05234 
01487 
06056 
05713 
05703 
06026 
-  02544 
06350 
06215 
05695 
05934 
99999 
99999 
99999 
99999 
00000 
99999 
99999 

99999 

99999 
01239 
99999 


lb 

— 2 
ftr 

01182 
05763 
05650 
05387 
05466 
02929 
05912 
05670 
05390 
05434 
99999 
99999 
99999 
00969 
02678 
99999 
99999 
00000 
01570 
03861 
99999 
01899 
03667 
04406 
05069 
01454 
05963 
05643 
05659 
05998 
02530 
06312 
06197 
05091 
05932 
99999 
99999 
99999 
59999 
00000 
99999 

99999 

99999 
90999 
01240 
99999 


General  1.  t*.  Cretan,  »»  *  **»  ^ 

,  f-UO-rf  W  .  negative  .1^ 


naix  8 


PART  b 


Code 

o 

$ 

V 

Tuba  1 

*1 

1 

1, 

a 

O 

No. 

No 

c 

m 

■a 

a 

0 

Ha 

QP 

deg 

deg-mln 

ft 

deg 

lb 

deg 

deg 

lb 

lb 

sec 

7? 

77 

ft* 

3180 

20 

008 

29 

612 

2 

99999 

99999 

Q99V9 

99999 

99990 

99999 

3180 

20 

008 

29 

612 

3 

99999 

99999 

99999 

99999 

99999 

99999 

3180 

20 

008 

29 

612 

4 

01889 

00000 

00194 

01879 

00000 

00000 

3180 

20 

008 

29 

61 2 

5 

2  1788 

01952 

19876 

09676- 

01927 

01838 

3180 

30 

008 

29 

612 

1 

99999 

99999 

9999^ 

99999 

99999 

99999 

3180 

30 

008 

29 

612 

2 

99999 

99999 

99999 

99999 

99999 

99999 

3180 

30 

008 

29 

612 

3 

99999 

99999 

99999 

99999 

99999 

99999 

3180 

30 

008 

29 

612 

4 

99999 

99999 

99999 

99999 

99999 

99999 

3180 

30 

008 

29 

612 

5 

24109 

03652 

24057 

01792- 

03650 

03335 

3180 

40 

008 

29 

614 

1 

99999 

99999 

99999 

99999 

99999 

99999 

3180 

40 

008 

29 

614 

2 

28414 

02732 

28330 

02595- 

02729 

02405 

3180 

40 

008 

29 

614 

3 

22830 

05304 

22830 

00094 

05303 

04866 

3180 

40 

008 

29 

614 

4 

20035 

05223 

20026 

0C650- 

05222 

04907 

3180 

40 

008 

29 

614 

5 

18424 

05488 

18408 

C0631 

05487 

05207 

3180 

50 

008 

29 

614 

1 

28826 

02896 

27890 

06581 

02870 

02565 

3180 

50 

008 

29 

614 

2 

20031 

03873 

20016 

CG776- 

03872 

0  3639 

3180 

50 

008 

29 

614 

3 

19107 

05684 

19093 

00798 

05683 

05371 

3180 

50 

008 

29 

614 

4 

17293 

05460 

17284 

00614 

05459 

05213 

5180 

50 

008 

29 

614 

5 

15451 

05852 

15388 

01462 

05850 

05642 

3100 

60 

003 

29 

615 

1 

18015 

02631 

17143 

05881 

02616 

02515 

3180 

60 

008 

29 

615 

2 

12019 

06490 

11978 

01015 

06489 

06348 

3180 

60 

008 

29 

615 

3 

11268 

06354 

11150 

01662 

06351 

06234 

3180 

60 

008 

29 

615 

4 

09815 

06138 

09502 

02506 

06132 

06053 

3180 

60 

000 

29 

615 

5 

08615 

06718 

08046 

C3118 

06708 

06651 

3180 

70 

008 

29 

615 

1 

14327 

03026 

14192 

02042 

03024 

02933 

3180 

70 

008 

29 

615 

2 

10964 

06695 

10880 

01337 

06693 

06574 

3180 

70 

008 

29 

615 

3 

09265 

06516 

09065 

01947 

06512 

06434 

3180 

70 

008 

29 

615 

4 

08254 

06259 

07873 

02510 

06253 

062CG 

3180 

70 

008 

29 

615 

5. 

08155 

06464 

07490 

03261 

06453 

06409 

3180 

80 

008 

29 

617 

1 

09810 

03701 

09797 

00520 

03700 

03646 

3180 

80 

003 

29 

617 

2 

07309 

07670. 

07187 

01346 

07667 

07609 

3180 

80 

008 

29 

617 

3 

05902 

06936 

0542S 

02331 

06930 

06904 

3180 

80 

008 

29 

617 

4 

04682 

06620 

03590 

03014 

06610 

06607 

3180 

80 

008 

29 

617 

5' 

05268 

06704 

03661 

03798 

06689 

06690 

3180 

90 

006 

29 

617 

1 

05873 

04492 

05e6? 

00367- 

04491 

04468 

3100 

90 

008 

29 

617 

2 

05408 

07535 

05320 

0097  7 

07533 

07502 

3180 

90 

008 

29 

617 

3 

03282 

06894 

02  594 

02013 

06809 

06886 

3180 

90 

008 

29 

617 

4 

03235 

06529 

01170 

03017 

06519 

06527 

3100 

90 

008 

29 

617 

5 

04061 

06655 

01604 

C3641 

06641 

06651 

3190 

00 

000 

29 

000 

1 

05236 

03217 

01994- 

04845- 

C3205 

03215 

3190 

00 

008 

29 

000 

2 

02499 

06040 

01037 

02274 

C6043 

06046 

3190 

00 

008 

29 

000 

3 

01  501 

05512 

001  4e- 

r  1494 

05510 

05512 

3190 

00 

008 

29 

000 

4 

02907 

05434 

0129C- 

02606 

05428 

0  54  32 

3190 

00 

000 

29 

000 

5 

03979 

05307 

00297- 

03968 

05294 

05306 

PART  bj 

Distance  behind  duct 

exit  ° 

1.62  inches; 

*  12  te^rees 

3370 

00 

008 

29 

205 

1 

22273 

00089 

21089 

07056 

00088 

00083 

3370 

00 

008 

29 

205 

2 

09288 

00605 

09099- 

C  1893- 

00604 

00794 

Omterel  fJotr-Hj  1.  Tli**  >Ii-cImi1  1  -oitlt  n  )i/i»  !<f».-ii  tii<lic*l>-d  Vj  the  vertical  lines 
«<i*  l‘.'-  I'lr.-.l  j  ;•(  i‘  of  It.  in 

»•  H'v  *  1 1  v  •  >  v  iIm- e  til  tin:  tnDl»»  'ir<t  r«'ll<>»rr>t  t.r  «  nr^atlve  olfn. 


TABLE  8 

pArtT  b‘ (continued) 


deg-ftin  ft 
sec 


00 

008 

29 

205 

3 

00 

008 

29 

205 

4 

00 

008 

29 

205 

5 

20 

008 

29 

205 

1 

20 

008 

29 

205 

2 

20 

008 

29 

205 

3 

20 

008 

29 

205 

4 

20 

008 

29 

205 

5 

40 

008 

29 

205 

1 

40 

008 

29 

205 

2 

40 

0C3 

29 

205 

3 

40 

CG8 

29 

205 

4 

40 

C03 

29 

205 

5 

60 

008 

29 

205 

1 

60 

003 

29 

205 

2 

60 

008 

29 

205 

3 

60 

COS 

29 

205 

4 

60 

OC-3 

29 

205 

5 

80 

OC8 

29 

205 

1 

SO 

003 

29 

205 

2 

80 

003 

29 

205 

3 

80 

008 

29 

205 

4 

80 

003 

29 

205 

5 

00 

008 

29 

407 

1 

00 

COS 

29 

407 

2 

00 

003 

29 

407 

3 

00 

0C3 

29 

407 

4 

00 

003 

29 

407 

5 

20 

003 

29 

407 

1 

20 

003 

29 

407 

2 

3380  20 

3380  20 

3380  20 

3330  *0 

3380  *0 

3380  40 

3300  40 

3380  40 

3380  60 

3380  60 

3380  60 

3380  60 

3380  60 

3380  80 
3300  80 

3380  80 

General  Set*1 


003  29  407 

003  29  407 

008  29  407 

008  29  408 

008  29  408 

003  29  408 

003  29  408 

COS  29  408 

008  29  408 

008  29  408 

CCS  29  408 

003  29  408 

003  29  408 

003  29  408 

003  29  400 

003  29  40S 

■3  8  1.  tb"  dt*C 

ti.fr  lltr" 


4  12219 

5  09166 
j  99999 

2  09657 

3  11837 

4  11769 

5  09778 

1  05206 

2  08146 

3  09136 

4  098 1 5 

5  08873 

1  04045 

2  05853 

3  06785 


06222 

05619 

06675 

99999 

03005 

05843 

05915 

06922 

00847 

05715 

06264 

06506 

07302 

02333 

06562 

06642 

07013 

07597 

04157 

06731 

06936 

06971 

07513 

99999 

99999 

99999 

02403 

05022 

99999 

99999 

01471 

04722 

06084 

99999 

04364 

05223 

06248 

07520 

01905 

06441 

06768 

07112 

07858 

04510 

07289 

07315 


1 

a 

% 

deg 

deg 

lb 

77 

05146 

04891- 

06199 

04004 

06561- 

05582 

02389 

08291- 

06605 

99999 

99999 

99999 

00399- 

03541- 

02999 

04554 

06364- 

05807 

04057 

06526- 

05876 

01660 

07767- 

06858 

05597-  00124-  00846 
03430  04C22-  05700 

04428  06020-  06229 

03907  06865-  06459 

01694  07897-  07232 

05772-  02209-  02331 
02637  04483-  06541 

03396  06166-  06603 

02420  06821-  06963 

00551  07877-  07525 

05443-  02534-  04152 
00882  04790-  06707 

01094  06330-  06893 

00500  07105-  06917 

01022-  07605-  07446 
99999  99999  99999 

99999  99999  99999 

99999  99999  99999 

02602-  02827-  02400 
01518  06435-  04990 

99999  99999  99999 

99999  99999  99999 

06261  0^8 18-  01465 

11169  05082-  04704 

06544  06474-  06045 

99999  99999  99999 

00537  04580-  04350 

09816  06745-  05187 

09093  07597-  06194 

05834  07901-  07449 

03064-  04217  01899 

06196  05329-  06413 

06392  06582-  06723 

05796  07975-  07043 

03047  08348-  07774 

04045-  00001-  04610 
02637  05232-  07258 

02536  06301-  07270 


06197 

05605 

06669 

99999 

03004 

05824 

05900 

06919 

00842 

05704 

06245 

06491 

07298 

02321 

06555 

06630 

07006 

07596 

04138 

06730 

06934 

06970 

07511 

99999 

99999 

99999 

02400 

05020 

99999 

99999 

01462 

04633 

06044 

99999 

04315 

05147 

06170 

07431 

01902 

06403 

06726 

07076 

07847 

04598 

07281 

07307 


S£— «;  itlv 


l„,Yl  j. .cal  Ion  tma  be«n  indicated  by  the  vertical  lines 
first.  i  «i  • »>f  Up  in  table. 

u.tltit  a  t.i  tlm  l «hl«»  are  followed  by  «  negative  sign. 


FAivT  b  (continued) 


Code 

No. 


Tuba 

No. 


deg  deg— win  ft 

eeo 


* 

a 

deg 


qo 

i 

a. 

h 

lb 

deg 

deg 

lb 

ft* 

7? 

338O  80 

3380  80 
3390  CO 
3390  00 

3390  00 

3390  00 

3390  00 

3390  10 

3390  10 

3390  10 

3390  10 

3390  10 

3?,90  20 

3390  20 

3390  20 

3390  20 

3390  20 

3390  30 

3390  30 

3390  30 

3390  30 

3390  30 

3390  40 


008  29 
008  29 
008  29 
008  29 
008  29 
009  29 
008  29 
008  29 
008  29 
008  29 
008  29 
008  29 
000  29 
008  29 
008  29 
008  29 
008  29 
006  29 
008  29 
008  29 
008  29 
003  29 
008  29 
008  29 


408 

408 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 

613 


3390 

40 

008 

29 

613 

3390 

40 

008 

29 

613 

3390 

40 

008 

29 

613 

3390 

50 

008 

29 

613 

3390 

50 

ooa 

29 

613 

3390 

50 

008 

29 

613 

3390 

50 

008 

29 

613 

3390 

50 

008 

29 

613 

3390 

60 

008 

29 

613 

3390 

60 

003 

29 

613 

3390 

60 

008 

29 

613 

3390 

60 

008 

29 

613 

3390 

60 

008 

29 

613 

3390 

70 

008 

29 

614 

3390 

70 

008 

29 

614 

3390 

70 

008 

29 

614 

3390 

70 

008 

29 

614 

3390 

70 

008 

29 

614 

3390 

80 

008 

29 

614 

3390 

eo 

OOS 

29 

614 

3390 

80 

008 

29 

614 

3390 

80 

008 

29 

614 

07602 
07883 
99999 

2  99999 

3  99999 
99999 
22739 
99999 
99999 
99999 
99999 
08797 
99999 
99999 
99999 
15547 
09893 
99999 
99999 
19312 
17962 
13044 
99999 
13654 
16659 
15543 
11626 
33051 
11590 
13663 
13410 
10847 
08275 
09938 
11358 
11042 
09083 

\  03291 

2  07350 

08300 
08342 
08489 
0304T 
0713  3 
07344 
07931 


4 

5 

1 


4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 


3 

4 

5 
1 
2 

3 

4 


07436 
08062 
99999 
99999 
99999 
99999 
00831 
99999 
99999 
99999 
99999 
02197 
99999 
99999 
99999 
008.19 
04774 
99999 
99999 
02102 
03914 
06320 
99999 
03361 
05269 
05952 
08043 
01353 
06023 
06506 
07005 
08628 
03017 
07119 
07154 
07635 
09084 
05154 
08051 
0  8  G  2  9 
08416 
09084 
05366 
08306 
08240 
08416 


01910 
00075 

<59999 
99999 
99999 
99999 

09775 

99999 
99999 
99999 

09999 
00366- 
99999 
99999 
99999 
06239 
07976 
99999 
99999 
17108 
15666 
10217 
99999 
11421 
14743 
12718 
08265 
24581 
09727 
11270 
10128 
06365 
03065 
07957 
03526 
07041 
03895 
01560- 
04136 
04206 
03135 
00768 
01354- 
03458 
02911 
02004 


07363 
07803- 
99999 
99999 
99999 
99999 
20910- 
99999 
99999 
99999 
99999 
08790- 
99999 
99999 
99999 
14330" 
05929- 
99999 
99999 
09510- 
09236- 
08282- 
99999 
07684- 
08108- 
09234- 
08290- 
24833 
06424- 
07888- 
08972- 
06655- 
07701 
06030- 
07614- 
08591- 
08230- 
02900 
06097- 
07181- 
07746- 
08455- 
02730 
062  54- 
06754- 
07732- 


07374 
07985 
99999 
99999 
99999 
99999 
00777 
99999 
99999 
99999 
99999 
02171 
99999 
99999 
99999 
00793 
04748 
99999 
99999 
02075 
03866 
06256 
99999 
03331 
05219 
05878 
07960 
01247 
05986 
06446 
06921 
08526 
02989 
07080 
07092 
07550 
08990 
05147 
C6005 
07966 
C8339 
08985 
05359 
08256 
09182 
08329 


lb 
— 2 
ft 

07431 
08062 
99999 
99999 
99999 
99999 
00820 
99999 
99999 
99999 
99999 
02196 
99999 
99999 
99999 
00814 
04728 
99999 
99999 
02011 
03772 
06221 
99999 
03295 
05098 
05809 
07961 
C1249 
05937 
06382 
06898 
08576 
03012 
07051 
07076 
07578 
09063 
05152 
08030 
08007 
C8403 
09083 
05364 
08291 
08229 
08410- 


!.  j-cw  i.»  '  lln<” 

1,1'. '-i-''-  •*  *  «•«-  •>«- 
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P.  JZ  k  (continued) 


r 


& 

V 

Tor* 

So. 

Ko» 

deg 

dcg-*iln 

ft 

sec 

3390 

80 

008  29 

614 

5 

3  390 

90 

008  29 

614 

1 

3390 

90 

008  29 

614 

2 

3390 

90 

008  29 

614 

3 

3390 

90 

008  29 

614 

4 

3390 

90 

008  29 

614 

5 

3400 

00 

008  29 

000 

1 

3*00 

00 

008  29 

000 

2 

3400 

00 

008  29 

000 

3 

3400 

00 

008  29 

000 

4 

3400 

00 

008  29 

000 

5 

3  3  3G 

L‘b 

t.46  mj 

2  ui* 

1 

3  3  30 

ou 

o*6  uj 

2uW 

2 

3  3  30 

00 

v*5  uU 

2u* 

3 

3  330 

o0 

u*5  00 

204 

«• 

333w 

O0 

045  Ou 

2o4 

5 

3330 

20 

045  00 

204 

1 

3330 

20 

045  00 

204 

2 

3330 

20 

045  00 

204 

3 

3330 

20 

l45  o0 

204 

4 

3330 

20 

0*5  00 

204 

5 

3330 

*0 

0*5  00 

2m  4 

1 

3  330 

40 

045  OO 

204 

2 

3330 

40 

045  00 

204 

3 

3330 

40 

0*5  OO 

2u4 

* 

3330 

40 

J45  OO 

204 

5 

3330 

60 

0*5  Ou 

204 

1 

3330 

60 

U45  00 

204 

2 

3330 

60 

0*5  00 

2o4 

3 

3  3  30 

60 

0*5  00 

204 

* 

3  330 

60 

0*5  00 

2o4 

5 

3  330 

60 

0*5  00 

204 

1 

3330 

80 

045  Ou 

204 

2 

3  330 

80 

u45  00 

2U4 

3 

333o 

80 

0*5  Oo 

2o4 

4 

3  330 

80 

0*5  ut 

2  04 

3 

3  34o 

00 

0*5  00 

407 

1 

33*  j 

,_..i 

v  *  6  0  o 

4^7 

? 

i  3*o 

•  T. 

*  %J 

0*5  uu 

4  o7 

3 

3340 

.CO 

...i*5  Ou 

40  7 

* 

3  34  0 

00 

045  Co 

*07 

3  340 

20 

0*5  Oo 

407 

1 

3340 

20 

jub  Oo 

4u7 

7 

4. 

3  3*.. 

->  1 

4-  *«■ 

o*5  ou 

4  o  7 

3 

33*  o 

20 

0*5  Ou 

*  0  7 

H 

■)  3  *4  ^ 

2v 

o*5  »'J 

*o7 

** 

Gurjeral  Soli 

•8:  1.  Tli"  dec 

i  mil  1  ^ 

4  1 

f»  t  l*f 

fil  l  * 

2.  f; 

eg  «tl  V 

*i  ■  v  j 

i 

a 

qa 

1 

a 

*p 

% 

deg 

lb 

deg 

deg 

lb 

lb 

7? 

ft? 

ft? 

C-e&32 
06128 
C&6C8 
C-7  060 
07*75 
08939 
C9G06 
05044 
C6450 
07G42 
0816  3 

9v999 
lo^GJ 
i*6l  3 
1  3809 
1*480 
05316 
09*89 
1Gc7Q 
11682 
12573 
05  070 
09397 
09511 
10021 
1093* 
CO  2  72 
07174 

EjT^feS 

0766  0 
Q  5  3  3  2 
n*  719 
04279 
04*30 


09084 

06320 

08348 

08240 

08619 

08957 

04084 

06816 

06768 

06760 

07140 


00030- 

05592- 

00896 

00240 

00255- 

01878- 

07865- 

01566- 

00715- 

01489- 

02791- 


08985 

C6313 

03293 

08177 

08545 

08952 

04071 

06792 

06725 

06711 

07075 


99999 

04650 


99999 

11*51 


99.999 
1 1*4  76- 


05  382 
0595b 
06132 
01822 
05551 
05633 
05823 
06356 
01862 
G5B90 
C5927 
0593? 
06090 
02791 
06060 
05843 
05661 
05704 
03640 
06012 
05759 


08432- 
02521 
06548- 
07056- 
07470- 
08746- 
04444- 
04797- 
06410- 
06886- 
07638- 

9  9999 
04*756 
08935-  05319 
08046-  05505 
09005-  06059 
0032B  01821 

04375-  05535 
05152-  05610 
06491-  05786 
07863-  06297 
02070  01660 

02809-  C5803 
03382-  05916 
05145-  05908 
06467-  06052 
05271-  00127-  0275C 
06976  01693-  06057 

02991- 
04-132- 
05442- 
02697- 
00758- 
02092- 


11756 

11369 

11525 

05306- 

0845? 

09393 

09795 

09933 

04633“ 

08982 

08910 

08645 

08891 


C68~6 

06350 

06347 

03677 

0421? 

03909 


0*656 

05566 

03*68 

n  -a  /4  n  7— 

05328 

C6666 

03254 

04228- 

05550 

999=9 

9  9  999 

99999 

99999 

99999 

99**  9 

99999 

99999 

99999 

99999 

99  <>9 

99  9  99 

99599 

99999 

99599 

2i 

03667 

18  069 

12053- 

03779 

2  07 1  * 

05095 

18062 

10853- 

05012 

999*9 

99*99 

Q  C  C  O  0 

9  9  c  9  9 

99999 

99*  .-V 

9  9  9  9  9 

0  9  .-*9 

99099 

90999 

2oo}9 

C*  261 

24  306 

12311" 

04  1  79 

2  76t  3 

054  85 

25  25  7 

12841- 

05  37  1 

?  3-7o " 

0  60  8* 

2  1  549 

11307- 

059&3 

09083 

06289 

08346 

08239 

05618 

08952 

04045 

06813 

06767 

06757 

07131 


05835 

05646 

05678 

03635 

06010 

05755 


99999 
041757 
052  71 
05450 
06011 
01814 
05491 
D5558 
05739 
06262 
01853 
05817 
05855 
C5865 
06017 
02739 
06015 
05801 
05626 
05669 
03631 
05994 
05745 
05555 
05557 
99999 
99999 
99999 
03674 
04852 
99999 
99999 
03898 
0*933 
u5b75 


L 


•  .  •  L  ■ 


s*  i.n  liny  been  1 
,  e  .>r  Inin  1  :ible 
!m  it»-?  1 .0  hi 


inijs-nted  tho  vertical  lines 
a  iVlloued  l>y  a  negative  sign. 


TABLE.  8 

PAKT  b  (continued) 


deg 

deg-nain 

ft 

sec 

3340 

40 

045 

OU 

407 

3340 

40 

045 

UO 

407 

3340 

40 

045 

Ou 

407 

3  340 

40 

045 

OU 

407 

3  34U 

40 

L'45 

00 

407 

3340 

60 

045 

ou 

407 

3340 

60 

045 

00 

407 

3340 

60 

045 

00 

407 

3340 

60 

045 

00 

407 

3340 

60 

045 

00 

407 

3340 

80 

045 

00 

407 

3340 

80 

045 

00 

407 

3340 

80 

045 

Ou 

407 

3340 

80 

045 

ou 

407 

3340 

80 

045 

00 

4U7 

3350 

00 

045 

00 

6 1 1 

335O  00 

3  350  00 

3350  00 

3350  00 


3350 

10 

045 

00 

3350 

10 

045 

00 

3350 

10 

045 

00 

3350 

10 

045 

00 

3350 

10 

045 

00 

3350 

20 

U45 

00 

3350 

20 

045 

00 

3350 

20 

045 

00 

3350 

20 

045 

Ou 

3350 

20 

045 

GO 

3350 

30 

045 

00 

3350 

30 

045 

00 

3350 

30 

045 

00 

3350 

30 

045 

00 

3350 

30 

045 

uu 

3350 

40 

045 

uu 

3350 

40 

045 

uu 

3350 

40 

045 

ju 

3350 

40 

U45 

00 

3350 

40 

045 

uu 

3350 

50 

045 

uu 

3350 

50 

L-4  5 

JO 

3350 

50 

045 

oo 

3350 

50 

l'45 

uu 

335C 

50 

u'»5 

Ou 

3350 

60 

J45 

00 

General  Notes 


045  00  JJ1 
045  OU  611 
045  00  611 

045  00  611 

45  OU  612 
45  00  612 

145  00  612 
145  00  612 

145  00  612 
;45  00  613 

145  00  613 

>45  00  613 

>45  Ou  613 
>45  GO  613 
>45  00  613 

)45  00  613 

)45  00  613 

345  00  613 

345  uu  613 
345  ou  613 
345  uU  613 
J45  ou  613 
J45  00  613 

345  uu  613 
045  OU  615 
l'45  00  615 

045  00  615 

U45  ou  615 
^45  Ou  615 
345  00  615 

1  1.  The  declaftl 

on  tin-  rifti 
2.  }J*-g  ltlV*l  V  i 


ube 

1 

a 

% 

No. 

deg 

lb 

1 

99999 

7? 

99WV 

2 

18114 

05580 

3 

18419 

06123 

4 

20289 

06192 

5 

19602 

06615 

1 

09575 

032  76 

2 

12262 

06320 

3 

12601 

06409 

4 

13426 

062  79 

5 

13673 

06581 

1 

03114 

04  943 

2 

06032 

06441 

3 

06283 

06222 

4 

06983 

05915 

5 

07583 

060  36 

1 

99999 

99999 

2 

99999 

99999 

3 

99999 

99999 

4 

99999 

99999 

5 

99999 

99999 

1 

99999 

99999  - 

2 

99999 

99999 

3 

99999 

99999 

4 

99999 

99999 

5 

27507 

05053 

1 

99999 

99999 

2 

99999 

99999 

3 

99999 

99999 

4 

99999 

99999 

5 

99999 

99999 

1 

99999 

99999 

2 

28407 

04447 

3 

99999 

99999 

4 

99999 

99999 

5 

99999 

99999 

1 

99999 

99999 

2 

23491 

06333 

3 

25066 

06806 

4 

9.9999 

99.999 

5 

26840 

0784o 

1 

23928 

0  3  fa  B  fa 

2 

18101 

070b3 

3 

17935 

07003 

4 

19130 

06946 

5 

19120 

074  98 

1 

17597 

044  3  0 

1 

a 

P  ° 

deg 

deg  lb 

f? 

99  99  9 

99999  99*999 

16936 

06816-  05543 

17361 

06563-  06086 

18587 

08731-  06127 

17465 

09471-  06532 

0805 1- 

05252  03262 

11524 

04305-  06302 

11391 

05532-  06380 

11743 

06694-  06237 

11503  t 
03113-  ( 
05678  I 
05467  I 
05243  ' 

054  30 
99909 

99999 

99999 
99999 
99999 
99999 
99999 
99999 
99999 
26866 
99999 
99999' 
99999 
99999 
99999 
99999 
25300 
99999 
99999 
99999 
99999 
22029 
23510 
>9959 
24430 
18693- 
16973 
16617 
1  7232 
16  87.? 
12640- 


07592- 
00072- 
02051- 
03114- 
04637- 
05324- 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999_ 
99999 
06872- 
99999 
99999 
99999 
99-999 
99999 
99999 
14726- 
99999 
99999 
99999 
99999 
09017- 
09748- 
99999 
1256  8- 
■  16017 
06672* 
07140* 
0B626* 
09533' 
-  12641 


06525 

04943 

06436 

06212 

05895 

66olo 

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
05023 
99999 
99999 
99999 
99999 
99999 
99999 
04326 
99999 
99999 
99999 
99999 
06265 
06723 
9999V 
0/691 
03556 
07019 
■  CG901 
-  06870 
•  07402 
04327 


lb 

— 2 

ft 

99999 

05341 

05847 

05B75 

06317 

03243 

06193 

06283 

06149 

06450 

04935 

06409 

06193 

05890 

06059" 

99999 

99999 

99999 

99999 

99999 

99999- 

99999 

99999 

"99999 

04514 

99999 

"99999 

99999 

99999. 

99999 
99999 
04044 
99999 
99999 
99999 
99999 
05880 
06255 
99999 
07174 
,  03505 

i  06759 
06712 
)  06641 

?  07183 

7  04327 


1.  .cation  has  been  Indicated  by  the 
t.  ).?*(  e  of  tli in  table. 
l*i ,»  1,*  ilia  l.alile  are  followed  by  a 


vert  teal  lines 
negative  sign. 


t 


TABLE  8 

PART  b  (continued) 


TABLE  & 


PAftT  b  (continued ^ 


Coda 

No. 

a 

1 

i 

V 

Tuba 

No. 

t 
•  o 

% 

1 

a 

V 

"p 

deg 

dcg-min 

ft 

deg 

lb 

deg 

deg 

lb 

lb 

sea 

77 

77 

— 2 
ft 

3290 

60 

089 

45 

205 

5 

09979 

05281 

09364 

03513- 

05271 

05210 

3290 

80 

089 

45 

205 

1 

03996 

04736 

00923- 

03889- 

04725 

04735 

3290 

80 

089 

45 

205 

2 

03832 

06223 

03805 

00459 

06222 

06209 

3290 

80 

089 

45 

205 

3 

04424 

05717 

04383 

00602- 

05716 

05700 

3290 

80 

089 

45 

205 

4 

05469 

05360 

05304 

01340- 

05358 

05337 

3290 

80 

089 

45 

205 

5 

05779 

05397 

053  36 

02231- 

05392 

05373 

3300 

00 

089 

45 

409 

1 

99999 

99999 

99999 

99999 

99999 

99999 

3300 

00 

089 

45 

409 

2 

99999 

99999 

99999 

99999 

99999 

99999 

3300 

00 

009 

45 

409 

3 

99999 

99999 

99999 

99999 

99999 

99999 

3300 

00 

009 

45 

409 

4 

99999 

99999 

99999 

99999 

99999 

99999 

3300 

00 

089 

45 

409 

5 

99999 

99999 

99999 

99999 

99999 

99999 

3300 

20 

009 

45 

409 

1 

99999 

99999 

99999 

99999 

99999 

99999 

3300 

20 

009 

45 

409 

2 

31802 

09094 

29724 

13598- 

08899 

07951 

3300 

20 

009 

45 

409 

3 

99999 

99999 

99999 

99999 

99999 

99999 

3300 

20 

009 

45 

409 

4 

99999 

99999 

99999 

99999 

99999 

99999 

3300 

20 

089 

45 

409 

5 

99999 

99999 

99999 

99999 

99999 

99999 

3300 

40 

009 

45 

409 

1 

17855 

07110 

15495- 

09316- 

07022 

06057 

3300 

40 

039 

45 

409 

2 

19255 

07586 

18712 

04882- 

07561 

07187 

3300 

40 

009 

45 

409 

3 

19335 

07016 

18854 

04612- 

06995 

06641 

3300 

40 

009 

45 

409 

4 

21875 

06811 

21243 

05732- 

06781 

06352 

3300 

40 

009 

45 

409 

5 

22677 

06550 

21961 

06248- 

06516 

06079 

3300 

60 

089 

45 

409 

1 

10068 

06558 

09510- 

05357- 

06530 

06468 

3300 

60 

039 

45 

409 

2 

14383 

06266 

14234 

02152- 

06261 

06073 

3300 

60 

0S9 

45 

409 

.3 

12903 

06831 

12715 

02268- 

06825 

06663 

3300 

60 

089 

45 

409 

4 

15741 

06260 

15332 

03737- 

06247 

06038 

3300 

60 

009 

45 

409 

5 

16226 

06046 

15675 

04408- 

06029 

05822 

3300 

CO 

009 

45 

409 

1 

05516 

0534  8 

04524- 

03169- 

05S39 

05329 

3300 

00 

089 

45 

409 

2 

07545 

06365 

07543 

00149 

06064 

06805 

3300 

GO 

009 

45 

409 

3 

08253 

06558 

03229 

00663- 

06557 

06490 

3300 

80 

089 

45 

409 

4 

09022 

05969 

09600 

02119- 

05964 

05865 

3300 

00 

039 

45 

409 

5 

09757 

05915 

09321 

02969- 

05907 

05837 

3310 

CO 

089 

45 

614 

1 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

00 

089 

45 

614 

2 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

00 

039 

45 

614 

3 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

00 

009 

45 

614 

4 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

00 

089 

45 

614 

5 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

10 

089 

45 

614 

1 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

10 

039 

45 

614 

2 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

10 

009 

45 

614 

3 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

10 

089 

45 

614 

4 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

10 

089 

45 

614 

5 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

20 

089 

45 

614 

1 

99999 

99999 

99999 

99999 

99999 

99999' 

3310 

20 

089 

45 

614 

2 

99999 

99999 

99999 

99999 

59999 

99999 

3310 

20 

089 

45 

614 

3 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

20 

089 

45 

614 

4 

99999 

99999 

99999 

99999 

99999 

99999 

3310 

20 

089 

45 

614 

5 

99999 

99999 

99999 

99999 

99999 

99999 

General  Motrsi  1.  Hie  decimal  1. cation  h«a  been  Indicated  by  the  vertical  lines 
on  the  final  of  t.liie  table. 

2.  Negative  vtl  eo  In  the  Ititile  .ire  followed  by  a  negative  sign. 


TAHE  6 

PART  b  (continued) 


Code 

a 

4 

7 

Tube 

i 

q 

1 

1  q 

q. 

y 

"*  '■ 

No. 

No. 

a 

a 

a 

p  Ha 

0 

y'.yy 

deg 

deg-nln 

ft 

deg 

lb 

deg 

deg  lb 

lb 

Vy 

y-  y*. 

*  s 

eec 

77 

r? 

i? 

3310 

30 

089 

A5 

614 

1 

99999 

99999 

99999 

99999  99999 

99999 

» 

• 

3310 

30 

089 

A5 

614 

2 

99999 

99999 

99999 

99999  99999 

99999 

3310 

30 

089 

45 

614 

3 

99999 

99995 

99999 

99999  99999 

99999 

331 D 

30 

089 

A5 

614 

4 

99999 

99999 

99999 

99999  99999 

99999 

•< 

3310 

30 

089 

A5 

614 

5 

9,9999 

99999 

99999 

99999  99999 

99999 

3310 

AO 

089 

A5 

615 

1 

23109 

08854 

20450- 

11318-  08702 

08305 

3310 

AO 

089 

A5 

615 

2 

25507 

09096 

24752 

06999-  09041 

08272 

“ 

3310 

AO 

089 

AS 

615 

3 

25353 

08207 

24698 

06502-  08163 

07464 

ft 

m 

< 

3310 

AO 

089 

A5 

615 

4 

99999 

99999 

99999 

99999  99999 

99999 

w 

t 

3310 

AO 

089 

A5 

615 

5 

28914 

06095 

28385 

06534-  08054 

C7132 

’  ' .  ^  .  ’  • 

* 

3310 

50 

089 

A5 

615 

1 

19302 

08598 

17395- 

08899-  08503 

08213 

3310 

50 

089 

45 

615 

2 

21764 

08720 

21153 

05615-  08683 

08137 

3310 

50 

089 

A5 

615 

3 

21798 

07923 

21279 

05194-  07894 

07386 

3310 

50 

089 

45 

615 

4 

24544 

07859 

23875 

06409-  07817 

07193 

y.' 

3310 

50 

089 

A5 

615 

5 

25711 

07569 

25140 

06155-  C7533 

06859 

t*s~i 

ft 

3310 

60 

089 

A5 

615 

1 

13647 

08048 

12443- 

05785-  06008 

07860 

w 

1 

3310 

60 

089 

A5 

615 

2 

16512 

08085 

16289 

02857-  08075 

07761 

3310 

60 

089 

A5 

615 

3 

16720 

07532 

16467 

03059-  07522 

07223 

'  1 

3310 

60 

089 

A5 

615 

4 

18987 

07325 

18581 

04193-  07307 

06945 

•:  •I 

3310 

60 

089 

A5 

615 

5 

18650 

07149 

18174 

04480-  07129 

06794 

,  -  .. 

y.y.“y- 

m 

3310 

70 

089 

A5 

615 

1 

11126 

07275 

10453- 

03896-  07258 

07154 

.  *  • 

,\\\ 

3310 

70 

089 

A5 

615 

2 

13352 

08025 

13298 

01241-  08023 

07809 

In  i  *  a  «■.*»»« 

3310 

70 

089 

A5 

615 

3 

14032 

07393 

13875 

02179-  07387 

07177 

w 

r-y  -  .-‘•-y- 

* 

3310 

70 

089 

A5 

615 

4 

15748 

06058 

15470 

03096-  06848 

06610 

. " 

3310 

70 

089 

A5 

615 

5 

15866 

06840 

15446 

03806-  06825 

06593 

*  • 

3310 

80 

089 

A5 

615 

1 

10146 

07225 

08726- 

05256-  07195 

07142 

V*V 

,v 

3310 

80 

039 

45 

615 

2 

11052 

07831 

2C910 

01812-  07827 

07689 

*y  \*  * 

3310 

80 

089 

A5 

615 

3 

1 1 A 1 5 

07180 

11230 

02100-  07183 

07050 

3310 

80 

089 

A5 

615 

4 

12587 

06049 

12187 

03244-  06838 

06695 

ft 

3310 

80 

089 

A  5 

615 

5 

12825 

06519 

12271 

03845-  06504 

06370 

i _ 

W 

=‘: 

3310 

90 

089 

A5 

615 

1 

07344 

07550 

03019- 

06707-  07498 

07539* 

’*'**. *'.*'■ 

u! 

3310 

90 

089 

45 

615 

2 

06258 

07535 

05563 

02884-  07525 

07499 

3310 

90 

089 

45 

615 

3 

06964 

07055 

06330 

02927-  07045 

07012 

r 

.  ,  V  f 

3310 

90 

089 

45 

615 

4 

08035 

06633 

07076 

03e44-  06618 

06582 

r ' 

~  .  *  •  y 

•  * 

3310 

90 

089 

45 

615 

5 

07780 

06367 

06786 

03841-  06352 

06322 

3320 

00 

089 

45 

005 

1 

06389 

04195 

04256 

04702-  04180 

04183 

332  0 

00 

089 

45 

005 

2 

00957 

06041 

00385 

00364  06040 

06040 

| _ 

• 

3320 

00 

089 

45 

005 

3 

C2509 

05417 

02586 

00135-  05416 

05411 

3320 

00 

089 

45 

005 

4 

02428 

05386 

02072 

01266-  05384 

05382 

-V 

'-*•  .  **V* 

v* 

3320 

00 

089 

45 

005 

5 

02479 

05218 

02113 

01297-  05216 

05214 

*  u  • 

.  “v,-  * 

3250 

00 

135 

13 

2  04 

i 

05947 

07450 

03409 

04885“  07422 

07436 

-•-y :  ■•  - 

y  •  4 

3250 

00 

135 

13 

204 

2 

08118 

07366 

08116 

00199-  07365 

07292 

V-V-V*. 

,  *  m 

3250 

00 

135 

13 

204 

3 

10267 

06341 

10266 

00126-  06340 

06239 

'i 

3250 

00 

135 

13 

204 

l k 

11793 

05986 

11754 

00909-  05985 

05860 

• 

- 

3250 

00 

135 

13 

204 

5 

11760 

05582 

11650 

0165  05579 

05467 

32  50 

20 

135 

13 

2  04 

1 

05874 

06856 

03255 

0490  06832 

06046 

General 

No  tea  i  1. 

Tli«  dec  teml 

3 ••cation  hey  been  indicated  by  the  vertical 

lines 

tin 

the  first  | 

,e  of  It*  in  table. 

•3 

N- 

gltivi!  V  i 

1*1*  *0 

in  the 

are 

folloue* 

t>y  a  negative  sign. 

1 

’  '4 

i 

>  • 


TAtLL  6 

PART  b  (continued) 


Coda 

e 

V 

Wo. 

deg 

deg-inin 

ft 

aec 

3250 

20 

135 

13 

20* 

3250 

20 

135 

13 

20* 

3250 

20 

135 

13 

20* 

3250 

20 

135 

13 

20* 

3250 

*0 

135 

13 

20* 

3250 

*C 

135 

13 

20* 

3250 

135 

13 

20* 

3250 

*0 

135 

13 

20* 

3250 

*0 

135 

13 

20* 

3250 

60 

135 

13 

20* 

3250 

60 

135 

13 

20* 

3250 

60 

135 

13 

2  0* 

3250 

60 

135 

13 

2  0* 

3250 

60 

135 

13 

20* 

3250 

80 

135 

13 

205 

3250 

80 

135 

13 

205 

3250 

80 

135 

13 

205 

3250 

80 

135 

13 

205 

3250 

80 

135 

13 

2  05 

3260 

CO 

135 

13 

*10 

3260 

00 

135 

13 

*10 

3260 

CO 

135 

13 

*10 

3260 

CO 

135 

13 

*10 

3260 

CO 

135 

13 

*10 

3260 

20 

135 

13 

*18 

3260 

20 

135 

13 

*18 

3260 

-» 

CM 

135 

13 

*12 

3260 

tv 

135 

13 

*18 

3260 

20 

135 

13 

*18 

3260 

*0 

135 

13 

*18 

3260 

*0 

135 

13 

*18 

3260 

*0 

135 

13 

*18 

3260 

*0 

135 

13 

*18 

3260 

*c 

135 

13 

*18 

3260 

60 

135 

13 

418 

3260 

60 

135 

13 

*18 

3260 

60 

135 

13 

*18 

3260 

GC 

135 

13 

*18 

3260 

60 

135 

13 

*18 

3260 

30 

135 

13 

*18 

3263 

80 

135 

13 

418 

3260 

60 

135 

13 

*18 

3260 

e0 

135 

13 

418 

3260 

to 

135 

13 

*18 

3270 

cc 

135 

13 

608 

32  70 

CO 

135 

13 

608 

Tuba 

1 

Q 

1 

a 

a 

a 

No,, 

deg 

lb 

deg 

* 

079*9 

77 

06815 

07935 

3 

09585 

06089 

09583 

4 

10686 

05890 

10680 

5 

10863 

05*08 

10812 

1 

05585 

06392 

03907 

2 

07085 

06392 

07069 

3 

0928* 

05963 

00283 

* 

09191 

0562* 

09189 

5 

08863 

05529 

08820 

1 

04936 

0579* 

03888 

2 

05978 

06392 

05951 

3 

06890 

05753 

06890 

4 

07967 

05*50 

07929 

5 

07339 

05608 

072*9 

i 

0*090 

05661 

0*029 

2 

02759 

06168 

02750 

3 

02996 

05627 

02981 

4 

04055 

053*9 

03806 

5 

03736 

05596 

03*18 

1 

19066 

10767 

12079 

2 

19706 

09167 

18622 

3 

21602 

07265 

209** 

* 

2*710 

06364 

24*81 

5 

24161 

06019 

2*1*3 

1 

1*686 

09927 

06226 

2 

16620 

08691 

16*93 

3 

18990 

07065 

18908 

* 

21377 

06*2* 

21365 

5 

2279* 

06228 

22707 

1 

12132 

09227 

0*036 

2 

1404* 

08206 

1*019 

3 

1*819 

07115 

1*807 

4 

17561 

06336 

17542 

5 

17617 

0600* 

17601 

1 

08429 

03020 

01855 

2 

1043* 

07616 

10422 

3 

10869 

0697* 

10068 

4 

13072 

06171 

13059 

5 

13287 

05302 

13230 

1 

06696 

07*96 

0369* 

2 

06576 

07319 

0655*. 

3 

073*6 

06*22 

07321 

4 

00266 

05869 

06183 

5 

0796  7 

05900 

07800 

1 

99999 

09999 

99999 

2 

99999 

99999 

99999 

S  V 


00491  0681* 

00233  06088 

00372-  058B9 
0107  05*07 

0*00*-  06376 
00*89  06391 

0009*  05962 

00227-  05623 
00833-  C5528 
0305  05783 

00562  06391 

00088  05752 

0073*-  05**9 
01159-  05606 
00705-  05660 
00222  06167 

0030*-  05626 
01*0*-  053*7 
01511-  0559* 
1518*-  10*26 
06922-  09106 
05793-  07232 
03806-  06352 
01039-  06018 
13*0*-  09659 
02167-  08685 
01907-  07061 
00808-  06*23 
00629  06227 

11478-  090*3 
G0.877-  08205 
00626-  0711* 
00865-  06385 
00783-  06003 
08228-  07937 
00519  07615 

0013*-  06973 
00602-  06170 
0128  05800 
0560  07*60 

005*5-  07318 
00618-  06*21 
0118*-  05867 
Olfc*  05897 
99999  99999 

99999  99999 


lb 


067*9 

06003 

05787 

05311 

06377 

063*3 

05900 

05551 

05*63 

05780 

06357 

05711 

05397 

05563 

056*6 

06160 

05619 

05337 

05586 

1056* 

00693 

06789 

0579* 

05*92 

09871 

08333 

0660* 

05982 

057*1 

09205 

07961 

06878 

06089 

05722 

08015 

07*90 

068*8 

06011 

056*8 

07*80 

07271 

06369 

05809 

058*5 

99999 

99999 


General  'Jotem  1»  TV;  declnal  1  -cation  lias  liidlcnted  by  the  vertical  lines 

ij u  U<f  flrM.  j -of  tliin 

2m  v.lMO  Iii  ili«  «>»•*  1*  hi-6  followed  a  negative  olgn# 


TAIL*  6 


O 


PAW  b  (continued) 


Ccuia 

a 

0 

7 

Tuba 

t 

a 

% 

No. 

No. 

deg 

deg-rtln 

ft 

deg 

lb 

sec 

ft? 

3270 

00 

135 

13 

6CS 

3 

99999 

99999 

32  70 

00 

135 

13 

626 

L. 

99999 

99999 

3270 

00 

135 

13 

60S 

5 

99999 

99999 

32  70 

10 

135 

13 

610 

1 

99999 

99999 

3270 

10 

135 

13 

610 

2 

30776 

12066 

3270 

10 

135 

13 

610 

3 

99999 

99999 

3270 

10 

135 

13 

6 1C 

4 

99999 

99999 

32  70 

10 

135 

13 

61C 

5- 

99999 

99999 

32  70 

20 

135 

13 

610 

1 

29857 

13902 

3270 

20 

135 

13 

610 

2 

27785 

11658 

32  70 

20 

135 

13 

610 

3 

30099 

08942 

3270 

20 

135 

13 

61C 

4 

35997 

08680 

32  70 

20 

135 

13 

610 

5 

33757 

07453 

3270 

30 

135 

13 

610 

1 

23648 

12418 

3270 

30 

135 

13 

610 

2 

23170 

11009 

3270 

30 

135 

13 

610 

3 

24583 

0B573 

3270 

30 

135 

13 

610 

4 

28450 

08109 

3270 

30 

135 

13 

610 

5 

28520 

07657 

3270 

'♦0 

135 

13 

610 

1 

17437 

11039 

3270 

<♦0 

135 

13 

610 

2 

17764 

10112 

3270 

40 

135 

13 

610 

3 

19030 

08146 

3270 

40 

135 

13 

610 

4 

21522 

07623 

3270 

40 

135 

13 

610 

5 

22322 

07160 

32  70 

50 

135 

13 

610 

1 

14585 

10653 

3270 

50 

135 

13 

610 

2 

16098 

09563 

3270 

50 

135 

13 

610 

3 

16550 

08110 

3270 

50 

135 

13 

610 

4 

19134 

07455 

3270 

50 

135 

13 

610 

5 

19144 

06946 

3270 

60 

135 

13 

61C 

1 

14951 

09968 

3270 

60 

135 

13 

610 

2 

14598 

09412 

3270 

60 

135 

13 

1.10 

3 

14582 

08157 

3270 

60 

135 

13 

6i0 

4 

16138 

07511 

3270 

60 

135 

13 

610 

5 

16689 

06640 

3270 

70 

135 

13 

612 

1 

10238 

10237 

3270 

70 

135 

13 

612 

2 

1  0583 

09135 

3270 

70 

135 

13 

612 

3 

11603 

07890 

3270 

70 

135 

13 

612 

4 

12265 

07422 

3270 

70 

135 

13 

612 

5 

12312 

06628 

3270 

80 

135 

13 

612 

1 

A 

03248 

10099 

32  70 

80 

135 

13 

612 

2 

08764 

09092 

3270 

80 

135 

13 

612 

3 

09380 

07966 

3270 

8C 

135 

13 

612 

4 

10719 

07102 

3270 

80 

135 

13 

612 

5 

10203 

06699 

3270 

90 

135 

13 

612 

1 

06842 

09749 

3270 

90 

135 

13 

612 

*> 

4. 

06326 

C8837 

32  70 

90 

135 

13 

612 

3 

06301 

0  7797 

General 

No tea i  1. 

Tbe 

!• -Cat  l*'n  l>e«-n  ii* 

•>I4 

IS.r  i  l  r.> 

!  |  ■  of  1 1 . 

in  t 

1 

*  • 

*t  V  tl'll  O 

!ii  ilio 

l/i  >l«  are 

-l*r 

■v;v  3 


1 

a 

;  v 

deg 

deg  lb 

lb 

77 

7? 

99999 

99999  99999 

99999 

<w  7. 

99999 

99999  99999 

99999 

99999 

99999  99999 

99999 

• 

IP . 

99999 

99999  99999 

99999 

J 

29838 

09105-  11950 

2C499 

, 

99999 

99999  99999 

99999 

V  •.  •’ 

99999 

99999  99999 

99999 

99999 

99999  99999 

95999 

i* ,  *  •, 

-  ' 

14267 

27232-  12440 

13559 

— . — - — 

27216 

C6542-  11597 

10381 

W 

• 

29851 

04668-  08919 

07761 

35968 

01922-  08676 

07026 

33752 

00718-  07452 

06196 

- .  <  v  ■  * 

09651 

21975-  11538 

12266 

:• S' 

22894 

03981-  10986 

10165 

Mb 

24454 

02853-  08564 

07605 

j«r_n  juusuca  i~ 

5. 

28432 

01178-  08107 

07131 

■ 

• 

$iS 

28512 

00827-  07656 

06728 

,/•**.  •* 

■*  .  •  „ 

shaft 

05793 

16608-  1C582 

1C987 

•*.  A 

17705 

01535-  10103 

09633 

#  “ S"\ 

a 

18970 

01616-  08143 

07703 

mil 

21488 

01313-  07621 

07093 

**  *  * 

jp 

22274 

01609-  07165 

06633 

03908 

14094-  10333 

10625 

i 

• 

s» 

16083 

00727-  09562 

09iee 

V-V-*’ 

16522 

01019-  C3103 

07775 

v  v" 

s*  ", 

.v;.l 

19127 

00551-  07454 

07043 

n‘,  •*.  *• 

19103 

01345-  06944 

06563 

'•»  *  •",l* 

-  V'-’.l 

04652 

14269-  09662 

09937 

*  „  ■»  K 

14591 

00465-  09411 

091C0 

••  u  1  .  "  v  -  -■ 
--  .'-2 

14573 

00521-  03 156 

07694 

» 

V 

E*  1 

16100 

01159-  07509 

07216 

n 

16650 

0121  06638 

C63S2 

i 

05350 

00779-  10116 

10193 

■R  1 

10407 

01963-  09129 

03934 

HE  1 

11443 

0197  07305 

07733 

| 

12153 

01705-  07610 

07255 

'■  ’’  ■? 

12126 

02194-  05623 

06430 

» 

• 

05186 

06448—  10C35 

19058 

08505 

02145-  09085 

00992 

*  s  *« 

09170 

02006-  07961 

07664 

10472 

02339-  07C96 

J6933 

l  ..** 

"v  “  ' 

'A  ‘V 

09894 

02641—  06692 

06599 

'  •  7  *" 

0566? 

03866-  09727 

0970J 

E.  1 

05513 

C3125-  08823 

03796 

I _ 

Si 

05907 

02432-  07789 

07  755 

V’-‘ 

icated  by  the  vertical  lines 

■ 

'<y  a  negative  eign. 

•V.\.  ,\ 

T*:li  S 


'S 

? 


PAKT  fc  (eoetinued) 


Cade 

So. 

a 

V 

Tube  i 

Ka«  ° 

4 

a 

32  rc 

deg 

90 

deg-ain 

135  13 

ft 

sec 

612  •+ 

4 

deg 

07330 

lb 

77 

06505 

deg 

06726. 

deg  lb 

7? 

0294  06895 

lb 

7? 

06857 

32/C 

90 

135 

13 

612 

5 

C72t>0 

06686 

06487 

03287-  06675 

06643 

32  cC 

CO 

135 

13 

000 

L 

04585 

05136 

04536 

00179-  05135 

05119 

32SC 

00 

135 

12 

COO 

2 

0C956 

05936 

00687 

00664-  05935 

05935 

32  iC 

00 

135 

13 

000 

3 

016c-* 

05353 

01656 

00308-  05352 

05350 

3263 

00 

135 

13 

coc 

4 

0267* 

05375 

02209 

01508-  05573 

05570 

326C 

00 

135 

13 

000 

5 

028  45 

05532 

02127 

01897-  05528 

05528 

321C 

00 

166 

34 

203 

1 

06250 

07350 

06233 

00454-  07349 

07306 

2210 

00 

166 

34 

203 

2 

C4871 

07602 

04283 

02327-  07795 

07760 

221C 

00 

166 

34 

203 

3 

06:35 

07410 

04018 

04652-  07385 

07391 

3210 

00 

166 

34 

203 

9 

07939 

07540 

04850 

06315-  07494 

07513 

3213 

00 

166 

34 

203 

5 

09540 

07871 

04964 

08108-  07791 

07842 

3210 

20 

166 

34 

203 

1 

06152 

07137 

06129 

00595-  07136 

07096 

32IC 

20 

166 

34 

203 

2 

04736 

07547 

04218 

02163-  07541 

07526 

2210 

20 

166 

34 

203 

3 

05803 

07410 

04058 

04162-  07390 

07391 

3210 

20 

166 

34 

203 

4 

06927 

07321 

04273 

05472-  07287 

07300 

321C 

20 

166 

34 

203 

5 

09016 

07659 

04516 

07838-  07587 

07635 

2210 

40 

166 

34 

203 

1 

06283 

06585 

062  00 

01027-  06583 

06546 

3210 

40 

166 

34 

203 

2 

0*167 

07250 

03686 

01950-  07245 

07235 

321C 

40 

166 

34 

203 

3 

04994 

07150 

03429 

03639-  07143 

07145 

3210 

40 

166 

34 

203 

4 

07046 

06982 

03938 

05861-  06945 

06965 

3210 

40 

166 

34 

203 

5 

03291 

07363 

04570 

06947-  07309 

07339 

221C 

60 

166 

3* 

203 

1 

05253 

06530 

05251 

00145  06529 

06502 

3210 

60 

166 

34 

203 

2 

0374? 

07001 

02864 

02414-  07074 

07072 

3213 

60 

166 

34 

203 

3 

045*2 

06905 

02710 

04139-  06887 

06897 

32 10 

60 

166 

34 

203 

4 

OS  737 

06770 

03598 

05770-  06735 

06756 

2210 

60 

166 

34 

203 

5 

033G3 

07363 

03961 

07326-  07303 

07345 

3210 

60 

166 

34 

203 

1 

04815 

0C402 

04679 

01141  06400 

06380 

5210 

80 

166 

34 

203 

2 

03007 

06996 

01936 

02303-  06990 

06991 

3213 

80 

166 

34 

203 

3 

0*553 

G6779 

02172 

04051-  06762 

06774 

3210 

80 

166 

34 

203 

4 

06661 

06813 

02742 

06079-  06774 

06805 

3210 

80 

166 

34 

203 

5 

CS559 

07273 

03153 

07973-  07207 

07267 

3220 

00 

166 

34 

405 

1 

12593 

09853 

11003 

03733-  09032 

09672 

3220 

CO 

166 

34 

405 

2 

1GS6G 

05592 

10647 

02660-  09582 

C9427 

322C 

00 

166 

34 

405 

3 

2 1 60S 

C3902 

10901 

04649-  00073 

08742 

3220 

00 

166 

34 

4  05 

t 

12558 

08411 

11127 

06009-  08353 

00254 

2220 

00 

166 

39 

435 

5 

16061 

07294 

11296 

11712-  07147 

07158 

322  G 

20 

166 

.39 

405 

1 

10514 

09171 

1037? 

03457-  09154 

09021 

3220 

20 

16b 

34 

<*C3 

2 

1044* 

09252 

102  72 

01940-  C9246 

09103 

32*0 

20 

166 

29 

405 

■3 

20793 

06472 

10098 

03689-  06453 

08341 

2220 

2C 

166 

34 

405 

4 

11622 

03301 

10248 

05600-  08262 

08169 

3220 

20 

166 

59 

*05 

5 

135=3 

07910 

09709 

09681-  07800 

07799 

3220 

40 

166 

34 

405 

1 

10231 

06776 

10106 

01625-  08774 

08641 

3220 

-.C 

166 

34 

405 

2 

08702 

08820 

08414 

02253-  08621 

08733 

3220 

40 

166 

34 

405 

3 

09187 

05337 

08343 

03903-  08318 

08249 

3220 

40 

166 

34 

405 

4 

ICifi'C 

00  3  i  9 

08522 

05649-  08279 

08228 

C-e-ieral 

Noteaj  1. 

Tl.e  dec  trial 

]  -catUn  f.ss 

1  i  L 

>y  the  vertical  lines 

ff*  tf.r  first  j  e  -,>f  I'.ir  ( 

fi»*g»t,lvt»  v  tl>i>  a  In  ttf'  li  are  it  llownii  l<y  a  negative  sign. 


*■  > 


ikl-MJL  C 

FAKT  t  (cciitinuea) 


Coda 

5o. 


0 


Tuba 

No. 


deg 


J220 
3220 
3220 
32^0 
3220 
3220 
3220 
3220 
3220 
3220 
3220 
3230 
3230 
32  30 
3230 
3230 
3230 
3230 
32  30 
3233 
3230 
3230 
3230 
32  30 
3230 
3230 
3230 
3233 
3230 
3230 
3230 
32  30 
3230 
3230 
32  30 
32  30 
3230 
32  30 
32  30 
32  30 
32  30 
3230 
3230 
32  30 
32  30 


deg-mtn  ft 
oec 


<*C 
60 
&C 
60 
60 
60 
80 
80 
SO 
60 
80 
00 
00 
00 
00 
00 
10 
10 
10 
10 
10 
20 
20 
20 
20 
20 
30 
30 
30 
30 
30 
40 
40 
40 
40 
40 
60 
60 
60 
60 
60 
60 
60 
60 
60 
bO 


166  34 
166  3* 
166  34 
166  34 

166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
1 6b  34 
166  34 
166  34 
166  34 
166 


34 


4C5 

405 

405 

405 

405 

405 

405 

405 

405 

405 

405 

608 

608 

608 

608 

608 

609 

609 

609 

609 

609 

609 

609 

609 

609 

609 

610 
610 
610 
610 
610 
610 
610 
610 
610 
610 
611 
611 
bll 
611 
611 
611 
fell 
611 
Oil 
611 


5 

1 


2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 


1 

a 

% 

1 

a 

deg 

lb 

7? 

deg 

1202* 

C8183 

08524 

09216 

08522 

09206 

07946 

08361 

07602 

07692 

08064 

06790 

08986 

08014 

07055 

10551 

08C06 

06871 

07254 

08038 

07254 

06115 

08149 

05467 

06B95 

07747 

05226 

P 

deg 


2 

3 

4 

5 

1 

» 

) 

j 

3 

i 

: 

i 

I 

1 

i 

1 

2 

3 

4 

5 

1  13925 

2  12264 
12733 
13250 
14624 


3 

4 

5 
1 
2 

3 

4 

*,  1369b 

!  13561 


09445 

09171 


1215b  0944 

13696  0&9E 

1073 


3 

4 

5 
1 
2 

3 

4 

6 


11267 

12913 

1125* 

09760 

10091 

10900 

12664 


09C5S 
06879 
10677 
10b  H 
09558 
09049 
08913 


1.  Tlii*  dt'di 

..t.  ll..-  1' 

2.  lj.-giliv.t 


05598 

08072-  1 

16673 

06381- 

16285 

02648- 

16716 

04854- 

15735 

07131- 

14289 

09755- 

17093 

07035- 

15824 

32016- 

15934 

03548- 

14865 

06261- 

12658 

07982- 

16107 

05074- 

1499? 

02538- 

14732 

04199- 

13940 

06342- 

12377 

08420- 

13734 

02053- 

11810 

03401- 

11903 

04655- 

11743 

06310- 

1CSS-4 

10026- 

12446 

01555- 

10673 

03080- 

10617 

04401- 

10744 

05826- 

10155 

09687- 

13422 

02CG6- 

1054c 

02972- 

09905 

04354- 

09575 

C6041- 

0925? 

09164- 

11171 

01416- 

09355 

02903- 

09139 

04352- 

C4C47 

C616X- 

09211 

05340- 

by  tl.-J  V' 

% 

S 

2b 

lb 

— 7 
ft 

7? 

C8092 

08094 

CS521 

08412 

0S35-V 

08287 

08064 

0&027 

07975 

07953 

07927 

07949 

08037 

07973 

C8139 

C8112 

07723 

07714 

0762? 

07632 

07835 

07875 

12277 

11703 

11673 

11217 

10012 

09624 

G3461 

0e209 

0&S31 

068  64 

11595 

11167 

11601 

11X63 

09736 

093S0 

03876 

C8630 

08079 

07960 

11553 

11144 

11380 

UC03 

0960? 

09512 

09080 

03374 

08451 

08344 

-  11179 

10864 

-  11155 

10938 

-  09935 

09754 

-  C935Q 

09249 

-  0SC35 

09011 

-  10745 

10496 

-  10934 

10761 

-  09791 

09652 

-  09412 

09293 

-  08657 

06845 

-  10710 

10424 

-  10639 

10673 

_  r.otOfl 

\j  r  -r  *  — 

G93S3 

t=- 


"  '  t 


wrr-1  •  >rf»»  inrwMUTr/Ti 

•  ..  • 


'J.  -J 

■y-j 


,vV. 


•"/•V'-Y'-V- 

v"  0.-2- 


p.:  a- 


0E933 

C3?66 

10671 

10470 

09437 


- _* 

,  ,  «  j  V  Of  ‘-••J  tlCil  -* 

:nfil  l**cati«,fi  s-*3  1  "  1X 

‘  ^  t.-HW.  ly  a  negiitlva  sign. 


V  'll'I'-B 


General  Motes « 


% 

lb 


TA21--  B  c 


deg  degitia  ft 


3230 

70 

166 

34 

fell 

?23C 

70 

166 

34 

Csi 

3230 

70 

166 

34 

cil 

32  3C 

70 

166 

34 

fell 

3230 

70 

166 

34 

til 

323C 

80 

166 

34 

611 

3230 

80 

166 

34 

611 

3230 

80 

166 

34 

611 

3230 

80 

166 

34 

611 

3230 

60 

166 

34 

fell 

3230 

90 

166 

34 

611 

3230 

90 

166 

34 

611 

3230 

90 

166 

34 

611 

3230 

90 

166 

34 

til 

3230 

90 

166 

34 

611 

3240 

00 

166 

34 

£*20 

3240 

00 

166 

34 

COO 

3240 

00 

166 

34 

cco 

3240 

00 

166 

34 

cco 

3240 

00 

166 

34 

000 

iO« 

*o 

*>* 

!o. 

deg 

lb 

77 

1 

09920 

10696 

2 

09015 

10314 

i 

09557 

09305 

4 

10548 

00922 

5 

11731 

08862 

1 

07888 

10557 

2 

07576 

09974 

3 

08197 

09137 

4 

09640 

08692 

5 

11287 

08938 

1 

08920 

09630 

2 

06888 

09295 

3 

07227 

0880C 

4 

08574 

08429 

5 

10502 

08641 

1 

05007 

05724 

2 

02783 

06523 

3 

04055 

06484 

4 

06566 

06595 

5 

08205 

07490 

deg  deg 


Distance  begird  czci. 


PART  c:  Distance  dco^eo 

3211  00  166  3*  20 

3211  00  166  34  2C 

3211  00  166  3*  2C 

3211  00  166  3**  2v. 

3211  00  166  34  2<- 

3211  20  166  3*  2C 

3211  20  166  34  2C 

3211  20  166  34  ^ 

3211  20  166  34  2; 

3211  20  166  3-**  2! 

3211  40  166  34 

32H  40  166  34  2' 

3211  40  166  34  2 

3211  40  166  34  2 

3211  40  166  34  c 

3211  60  166  34  2 

3211  60  166  34  2 

3211  60  166  34  2 

3211  60  166  34  c 

3211  60  166  34  ^ 

3211  80  166  34  c 

3211  80  166  34  2 

3211  80  166  34  2 

3211  oO  166  34  .< 

3211  60  166  34  . 

3221  00  166  34  - 

Oeneral  No  tes  i  1  •  73.e 


40 

166 

34 

ZC3- 

40 

166 

34 

2C3 

60 

166 

34 

ZC3 

60 

166 

34 

**C3 

60 

166 

34 

2C3 

60 

166 

34 

ZC3 

60 

166 

34 

4. 

80 

166 

34 

203 

80 

166 

34 

2  03 

eo 

166 

34 

203 

oO 

166 

3  4 

203 

60 

166 

3  4 

203 

00 

166 

34 

09887  00826- 

08506  03030- 

08477  04479- 

08674  06094- 

03288  08417- 

07887  00148 

06862  03242- 

06724  04732- 

07363  06290- 

07561  08478- 

08754  01739 

05586  04056- 

04963  05280- 

05285  06790- 

06033  08659- 

04834  01312 

01407  02402- 

00949  03943- 

01191  06458- 

02352  07869- 

p  ®  18  degrees 


ft. 

10694 

10299 

09277 

06872 

08768 

10556 

09958 

09106 

08640 

08842 

09625 

09271 

08762 

08370 

08543 

05722 

06517 

06468 

06553 

07419 


10537 

10200 

09203 

08821 

08771 

10457 

09902 

09074 

08621 

08861 

09517 

09251 

08767 

08393 

0B594 

05703 

06521 

06483 

06593 

07483 


iird  c=ct  exit  -  1.62  Inches;  ?  ”  3”  1090 

2C3  1  0S**|  J0«0  00V£_  l2on 

223  2  rm<549  11747  03724  04652-  11708  11  2 

202  3  05949  11747  06907-  n„2  U5 

203  \  ‘  05368  USS  SSU  SSSj1  IJJJJ  ^ 

S5  i  »  S2.2,£  SSS  *.» 

■  ‘  S7,”!  WT2I  03903  !U?£  itoS  IS 

if  i i  1  B if i I 
i  I  ■  B  B  S II  i  a 

i  I  s  i  I  i  II  Is  s 

:  I  1  as  =  sis  if  i  I 

4  ^2  3  02-J82  06402-  10471  1 

4  .2=3  ;  5‘“2*  °0”e  01184  08215-  10806  10 

-  S  ns”  com  cnei-  11*40  n 

iA.  * 

^  d-^Uvt  1  lira  l <«*••..  by- the  vertical  lines 

*.l..!e  In  Mlo^l  «.y  «  negative  sign. 


10949 

12071 

11708 

11522 

11458 

10398 

11651 

11292 

10981 

11008 

10387 

11354 

10792 

10643 

10800 

10007 

11142 

10834 

10600 

10769 

09762 

■  10970 
•  10623 

■  10471 
-  10806 
-  13540 


10900 

12052 

11722 

11572 

11568 

10353 

11632 

11306 

11023 

11103 

10345 

11344 

10808 

10687 

10896 

09970 

11138 

10856 
10652 

10857 
09759 
10976 
10648 
10528 
10905 
13365 


Code 

No. 


deg 


0 

dtig-trtifl 


3221 

00 

166 

34 

3221 

00 

lt.6 

34 

3221 

00 

166 

34 

3221 

00 

166 

34 

3221 

20 

166 

34 

3??1 

20 

166 

34 

3221 

20 

166 

34 

3221 

20 

166 

34 

3221 

20 

166 

34 

3221 

40 

166 

34 

3221 

40 

166 

34 

3221 

40 

166 

34 

3221 

40 

166 

34 

3221 

40 

166 

34 

3221 

60 

166 

34 

3221 

60 

166 

34 

3221 

60 

166 

34 

3221 

60 

166 

34 

3221 

60 

166 

34 

3221 

no 

166 

34 

3221 

80 

166 

34 

3221 

80 

166 

34 

3221 

80 

166 

34 

3221 

80 

166 

34 

3231 

00 

166 

34 

32  31 

00 

166 

34 

3231 

00 

166 

34 

3231 

00 

166 

34 

3231 

00 

166 

34 

32  11 

10 

166 

34 

3231 

10 

1  66 

34 

32  31 

10 

166 

34 

3231 

10 

166 

34 

32  31 

10 

166 

34 

32  31 

20 

166 

34 

32  31 

20 

166 

34 

32  31 

2  0 

1 66 

34 

32  31 

?c 

166 

34 

32  31 

2  0 

166 

i  34 

32  31 

3  C 

1  06 

i  34 

32  31 

30 

166 

.  34 

32  3  1 

30 

lfafa  34 

32  31 

3  0 

166  34 

32.31 

3  0 

1  6< 

5  34 

'2  n 

4  0 

*66  34 

?2  3  1 

c 

It  6  <4 

't_ 

sec 


407 

407 

407 

407 

407 

407 

407 

407 

407 

407 

407 

407 

407 

407 

407 

407 

407 

407 

4  07 

407 

407 

407 

407 

407 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

616 
616 
616 


n«ner<il  Tjot-'fl:  !• 


Tlf  '!«•<• 

I'll  tin- 

ll*-c  *tlv 


_  l_  •  • 

TABLE  9  , 

fill!  r  (continued)  .  _r~Jr 

Tab*  i0  *■«  ^ 

N°‘  den  lb_  deg  deg 

i  is*!?  i Ik  oio»!  8?!i|-  Hi!®  liirO^ 

i  uss  isii  siai  Mitaa 

,  0R743  13275  08490  02119-  13266  13129 

\  08526  13787  08174  02455-  13774  13647 

3  09797  12793  08764  04448-  12755  12644 

/  11323  11987  09408  06413-  11913  11827 

s  13198  11168  08782  10006-  11001  ”0*0  #  . 

1  08354  12509  08312  OO05°‘|”O7  \lg-Z 

2  07072  13066  06598  02568-  13053  12979. 

3  07969  12288  06876  04066-  122j7  122 

3  non?  11693  07195  06005-  11928  11899 

;  11377  Will  07»S  06819-11*6*  H*" 

1  07662  12296  07660  .  0197  *2z95  1 2627  * 

2  05987  12684  05397  02606-  12671  12627  #  # 

1  06723  12288  05440  03974-  12258  ”232  ...  . 

I  08673  11516  06166  06145-  11450  / 

,  10329  11558  06061  00425-  11434  11494 

i  06060  11720  06015  00742  1””  :  '"i 

\  04993  12417  04312  0?527-  12404  ”381  .  .  .  ,  , 

3  06049  11826  04221  04348-  11792  11'9  |un  I  rtwul*  rW*Vrr» 

11293  04621  06343-  11224  _ 

t  09665  11631  04905  08369-  11507  11^89  >• 

^  liinn  iAfi47  15875  05485-  16576  16017 

>  1.526  1607*  15280  02603-  76056  >550t 

\  16566  12975  15948  04723-  12934  *“*9 " 

4  16854  11363  15605  06694-  11291  10 

I  16443  09362  13940  09070-  09251  09092  .  . 

5  16186  16229  15291  05569-  16157  15659 

14992  1 6026  14769  02695-16009  13497  . 

1  16737  13294  15134  04524-  13255  12835 

4  16933  11935  14705  06409-  11865  1  If4® 

£  16277  10417  12811  08604-  10305  J0163 

^  14785  15840  14208  03967-  15804  15352  ..... 

WWl  13229  02,87-  15902  15*98  ; : ,• 

3  14148  13724  13437  04595-  13682  ”350  * 

l  14392  12914  12982  06431-  12836  ”587 

5  14916  11559  11725  09480-  11407  11324  ......... 

,  12772  15297  12682  01566-15291  14924.. 

1  11571  16618  11122  03273-  15593  ”325  .  •  . 

‘  .,,,7  13787  11312  04988-  13731  13516  . 

3  12905  13521  11073  06795-  13429  ”272 

7  1473  ?  1244?  10709  10360-  12245  ”232  • 

11108  14658  11108  00063  14657  1  *363  ■ 

'  Ui«  13”  000*1  03398-  15.9*  150*0 

tw,l  l.O  lUon  l.r*  .t.d  by  <".3  Vertical  lines 

•:  °r.  ,  ,.^l  lev  n  mvatlve  sign* 


•  • 


i 


•fll.fi  8 


f 

\ 

rK:\Z  c  (.continued) 

i 

• 

•  • 

1  Code 

a 

V 

Tubs  1 

q 

1 

i,. 

a 

Q„ 

-*• 

‘-V'V- 

v  /« 

No. 

No, 

a 

» 

a 

a 

P 

•  / ' 

-v;  /  j 

1 

deg 

deg-nin 

ft 

deg 

lb 

deg 

deg 

lb 

lb 

i  . 

V-  ■  ^ 

-'V  •: 

1 

sec 

7? 

~7 

r* 

— 7 
ft 

,  3231 

40 

166 

34 

616 

3 

10143 

13800 

09006 

04743- 

13833 

13710 

| 

9 

#  • 

3231 

40 

166 

34 

616 

4 

11229 

13552 

09287 

06425- 

13469 

13376 

1  327.1 

40 

166 

24 

616 

5 

12862 

13101 

08610 

09519- 

12924 

12950 

3231 

5C 

166 

34 

616 

1 

11608 

14573 

11608 

00048 

14573 

14274 

f 

\  V.\v  \\w\* 

j  37:31 

50 

.66 

34 

616 

2 

09166 

15094 

08556 

03338- 

15068 

14926 

1  3231 

50 

166 

34 

616 

3 

09651 

13923 

08447 

04735- 

13876 

13772 

!*'• 

'  *  -.*•  -  “•*’  *  .  r ..  *  y 

3231 

50 

166 

34 

616 

4 

10554 

13496 

08520 

06320- 

13415 

13346 

.*  v  V  *,•  ij 

,  3231 

50 

166 

34 

616 

5 

12169 

13046 

08212 

09103- 

12884 

12915 

1 

m  a 

3231 

6C 

166 

34 

616 

1 

09954 

14  728 

09952 

00234- 

14727 

14506 

3231 

60 

166 

34 

616 

2 

08367 

15137 

07831 

02983- 

15116 

14996 

3231 

60 

166 

34 

616 

3 

C6977 

13965 

07718 

04642- 

13920 

13839 

'  • 

..-‘j 

i  3231 

60 

166 

34 

616 

4 

10076 

13483 

07988 

06220- 

13405 

13353 

3231 

60 

166 

34 

616 

5 

11600 

13088 

07751 

08735- 

12938 

12971 

3231 

70 

166 

34 

616 

1 

08478 

14714 

08476 

00144- 

14714 

14553 

••  .■  . ■-  d 

3231 

70 

166 

34 

616 

2 

07587 

15094 

07038 

02861- 

15075 

14980 

ms- 

i 

3231 

70 

166 

34 

616 

3 

08470 

13796 

07043 

04752- 

13749 

13692 

1 

l 

w 

.  •  ,  •.  ...  J 

3231 

70 

166 

34 

616 

4 

09804 

13215 

07406 

06495- 

13131 

13106 

r 

'  V  V  V  1"  *  V  \ 

3231 

70 

166 

34 

616 

5 

11143 

13075 

07152 

08632- 

12929 

12975 

•  ^  •  .  '  .  ) 

3231 

80 

166 

34 

616 

1 

07565 

14657 

07560 

00282 

14656 

14529 

V  '  .  ' 

'  •  *  * 

•.  V  ..." 

3231 

80 

166 

34 

616 

2 

07009 

34882 

06269 

03160- 

14859 

14793 

N 

3231 

80 

166 

34 

616 

3 

07685 

13586 

06052 

04771- 

13539 

13510 

.* 

*"*  •* 

•  \  •  ’  •  \  >. 

3231 

80 

166 

34 

616 

4 

09236 

13131 

06396 

06716- 

13041 

13050 

-Vnr*r. *  i-.rn'ra  x-^rfTTXKrxrjxxr-.'rrvn-wa vxi  «  tvww 

3231 

80 

166 

34 

616 

5 

10620 

12906 

06512 

08460- 

12767 

12824 

i 

^  ^  w  j 

3231 

90 

166 

34 

616 

1 

07017 

14062 

06880 

01397 

14057 

13960 

3231  90 

3231  90 

3231  90 

3231  90 

3241  00 

32**  1  00 

3241  00 

3241  00 

3241  00 

3291  00 

3291  00 

3291  00 

3291  00 

3291  00 

3291  20 

3291  20 

3291  20 

3291  20 

3291  20 

3291  40 

3291  40 

3291  40 


166  34 
166  34 
166  34 
166  34 
166  34 
166  34 
1.66  34 
166  34 
166  34 
089  40 
009  40 
089  40 
089  40 
089  40 
089  40 
089  40 
089  40 
089  40 
089  40 
089  40 
069  40 
089  40 


06087 
06899 
08439 
10167 
05097 
03042 
04651 
06609 
0837  8 
07536 
08467 
10408 
1  3252 
14310 
084<t0 
06423 
09377 
11827 
12869 
07303 
07175 
07605 


14289 

13249 

12906 

12893 

09107 

10462 

10221 

10262 

10610 

10493 

11490 

1013'’ 

0922? 

08366 

09623 

11066 

10011 

C9185 

08268 

09091 

10260 

09632 


04956 

04442 

04954 

05499 

04419 

01098 

01030 

01255 

02115 

06475- 

07914 

09511 

11836 

12606 

07055- 

08202 

08884 

10947 

11638 

05982- 

07095 

07353 


03551- 

05299- 

06865- 

08604- 

02549 

02838- 

04536- 

06491- 

08114- 

03089- 

03049- 

04305- 

06132- 

06996- 

04681- 

01947- 

03048- 

04589- 

05645- 

C4229- 

01078- 

01963- 


14261 
13192 
12814 
12  749 
09097 
10449 
10188 
10196 
10503 
10469 
11474 
10109 
C9171 
08326 
09790 
11059 
09997 
09156 
08229 
09066 
10258 
09626 


14235 

13209 

12858 

12835 

09079 

10460 

10219 

10259 

10602 

10426 

11380 

09998 

09020 

08186 

09749 

10952 

09891 

09018 

08099 

09041 

10181 

09552 


General  NoteBi  1.  Tb*3  decimal  1- -cation  b.it.  been  imi'catod  by  tbo  vertical  lines 
<.t<  On-  first  |  •re  of  tl  in  l  iiil*. 

2.  vi1m>b  In  ii.«i  are  followed  by  a  negative  sign. 


•  • 


r 


TAUT  c  (continued) 


Cod« 

No. 


Tuoe 

No. 


deg 

deg-isin 

3291 

40 

C89  40 

3291 

40 

069  40 

3241 

60 

089  40 

3291 

60 

089  40 

3291 

60 

089  40 

3291 

60 

089  40 

3291 

60 

089  40 

3291 

80 

089  40 

3291 

80 

089  40 

3291 

80 

089  40 

3291 

ao 

089  40 

3291 

80 

089  40 

3301 

00 

089  40 

33^1 

00 

089  40 

3301 

00 

089  40 

3301 

00 

089  40 

33UI 

00 

089  40 

3301 

20 

009  40 

3301 

20 

089  40 

3301 

20 

089  40 

3301 

20 

089  40 

3301 

20 

089  40 

3301 

40 

089  40 

3301 

40 

089  40 

3  301 

40 

089  40 

3301 

40 

089  40 

3301 

40 

089  40 

3301 

60 

089  40 

3  3^1 

60 

089  40 

3301 

60 

089  40 

33ol 

60 

089  40 

33ol 

60 

089  40 

3301 

80 

089  40 

o 

deg 


33U1 

33>>1 

33U1 

33J1 

3311 

3311 

3311 

3311 

3  3U 

3311 

3311 

3311 

3311 


80 

80 

80 

80 

00 

00 

00 

00 

00 

10 

10 

10 

10 


089  40 
089  40 
089  40 
089  40 
089  40 
089  40 
089  40 
089  40 
069  40 
089  40 
089  40 
089  40 
089  40 


eec 

204 
204 
204 
204 
204 
204 
204 
204 
204 
204 
204 
204 
407 
407 
407 
407 
407 
40  7 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
407 
611 
611 
611 
611 
611 
611 
611 
611 
611 


09473 
10793 
04733 
04906 
05113 
07019 
08109 
j  02023 

2  02751 

3  02791 

4  03724 

5  04932 
j  99999 

99999 
21648 
22669 
24025 
1  20914 

20980 
21600 
23302 
24591 
\  13415 

14324 
15544 
18108 
18189 
07806 
08656 
09921 
1 1872 
12082 
02740 
03227 
04054 
05360 
05651 
j  99999 
99999 
99999 
99999 
99999 
\  99999 

2  99999 

99999 
99999 


2 

3 

4 

5 


2 

3 

4 

5 


2 

3 

4 

5 

1 

2 

3 

4 

5 
1 
2 
3 


2 

3 

<4 

5 


3 

4 


lb 

08937 
08040 
08429 
10166 
09464 
08539 
07981 
08032 
09902 
09338 
08522 
07889 
99999 
99999 
11803 
10395 
09095 
13869 
13057 
11441 
10811 
09448 
11729 
12241 
10982 
09998 
09177 
10249 
11193 
10305 
09526 
08683 
08623 
10420 
09800 
09079 
08480 
99999 

99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 


deg 


deg 


08824 

09663 

03266- 

04905 

04990 

06377 

07164 

00115- 

02741 

02754 

03255 

C4045 

99999 

99999 

20813 
21431 
22671 
15309- 
19438 
20547 
22162 
23504 
11247- 
13700 
14825 
17160 
17142 
05817- 
08512 
09650 
11214 
11333 
00431 
03203 
04042 
04958 
04793 
99999 
99999 
99999 
99999 
99999 
99999 
99999 

09999 
99999 


03500- 
04901- 
03432- 
00123- 
01122- 
02957- 
03839- 
02020- 
00235 
00453* 
01812* 
02830- 
99999 
99999 
06513 
08127 
0BS46 
14930- 
08532- 
07270- 
07970- 
08109- 
07501- 
04347- 
04886- 
06143- 
06458- 
05241- 
01598- 
02346- 
03997- 

04299- 

02706- 

00395 

00322- 

02047- 

03007- 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

9999S 


lb 
— 7 
ft 

08920 
08011 
08413 
10165 
09462 
08527 
07963 
08026 
09901 
09337 
08517 
07879 
99999 
99999 
11736 
10304 
09002 
13431 
12928 
11360 
10721 
09368 
11632 
12207 
10944 
■  09945 
09123 
10206 
11188 
10296 
09503 
08659 
08613 
10419 
09799 
09073 
08460 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 


lb 

— 2 
ft 

08831 
07926 
00415 
10128 
09428 
08486 
07910 
0B031 
09890 
09327 
08508 
07869 
99999 
99999 
11041 
09689 
08407 
13407 
12327 
10723 
10025 
08677 
11507 
11894 
10618 
09557 
08774 
1Q196 
11069 
10159 
09344 
08514 
08622 
10403 
09775 
09045 
08450 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 


Oati^ral  Notes  I  1.  Ttn»  dec  l  in 
till  i  he  !  I 

2. 


,1  i.tcalinn  hi*  le.-n  'nmci.ted  by  the  vertical  lines 

ml.  I'll  <•  cf  l!  rlrt  t  ibl“. 


?A~7  z  (continued) 


Code 

a 

0 

V 

Tube 

No. 

No. 

deg 

deg-*  in 

ft 

sec 

3311 

10 

oe9 

40 

611 

5 

3311 

20 

C89 

40 

611 

1 

3311 

20 

089 

40 

611 

2 

3311 

20 

C89 

40 

611 

3 

3311 

20 

089 

-0 

611 

4 

3311 

20 

C89 

40 

611 

5 

3311 

30 

C89 

40 

611 

1 

3311 

30 

089 

40 

611 

2 

33H 

30 

089 

40 

611 

3 

3311 

30 

C89 

40 

611 

4 

3311 

30 

089 

40 

611 

5 

3311 

40 

089 

40 

613 

1 

3311 

40 

089 

40 

613 

2 

3311 

40 

089 

40 

613 

3 

3311 

40 

089 

40 

613 

4 

3311 

40 

089 

40 

613 

5. 

3311 

50 

C89 

40 

613 

1 

3311 

50 

089 

40 

613 

2 

3311 

50 

089 

40 

613 

3 

3311 

50 

089 

40 

613 

4 

3311 

50 

089 

40 

613 

5 

3311 

60 

089 

40 

613 

X 

3311 

60 

C89 

40 

613 

2 

3311 

60 

089 

40 

613 

3 

3311 

60 

083 

40 

613 

4 

3311 

60 

089 

40 

613 

5 

3311 

70 

089 

40 

613 

e 

A 

3311 

70 

039 

40 

613 

2 

3311 

70 

089 

40 

613 

3 

3311- 

70 

089 

40 

613 

4 

3311 

70 

039 

40 

613 

5 

3311 

80 

nog 

40 

613 

1 

3311 

80 

089 

40 

613 

2 

3311 

80 

089 

40 

613 

y 

3311 

80 

089 

40 

613 

4 

3311 

eo 

089 

40 

613 

5 

33U 

90 

089 

40 

613 

1 

3311 

90 

069 

40 

613 

2 

3311 

90 

089 

40 

613 

3 

3311 

90 

089 

40 

613 

4 

3311 

90 

C89 

40 

613 

5 

3321 

00 

089 

40 

000 

i 

X 

3321 

00 

089 

40 

000 

2 

3321 

00 

069 

40 

000 

O 

-/ 

3321 

00 

089 

40 

000 

4 

3321 

00 

0S9 

40 

000 

5 

08410 


05836 


1 

a 

H 

% 

V: 

lb 

77 

deg 

deg 

lb 

77 

lb 
— 7 

tty 

99999 

99999 

99999 

99999 

99999  *2 

99999 

99999 

95399 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

14BB2 
14766 
12948 
12449 
99999 
13491 
1  3807 
12439 
11539 
10506 
12684 
13238 
12022 
11177 
10261 
11895 
1266* 
11789 
11036 
10025 
11309 
12113 
11429 
10610 
09647 
10578 
11775 
11177 
10314 
09618 
10568 
11721 
11009 
10030 
09440 
07828 
09722 
08992 
08336 
07747 


16080- 

22740 

23603 

25B22 

99999 

13584- 

16700 

17893 

19725 

20540 

09979- 

13553 

14719 

16135 

16391 

07283- 

10959 

11787 

13415 

13509 

04035- 

08691 

09359 

10751 

10869 

03742- 

06556 

07020 

07987 

07653 

00124 

03249 

03812 

04322 

04055 

03867 

00805 

01710 

01673 

01571 


12016- 

08689- 

08433- 

09146- 

99999 

07742- 

05012- 

05513- 

06638- 

06399- 

05582- 

03420- 

04215- 

05157- 

05438- 

04250- 

02045- 

03059- 

0*119- 

04357- 

03283- 

00612- 

01646- 

03141- 

03730- 

03338- 

00123 

01177- 

02537- 

03069- 

03855- 

00531- 

01538- 

02816- 

03173- 

02723- 

00651 

00439- 

01838- 

02069- 


14586 

14621 

12826 

12320 

99999 

13374 

13758 

12386 

11470 

10448 

12625 

13215 

11991 

11133 

10218 

11062 

12656 

11772 

11009 

09997 

11290 

12112 

11424 

10594 

09626 

10560 

11774 

11174 

10304 

09604 

10544 

11720 

11005 

10017 

09425 

07819 

09721 

05991 

08331 

07741 


14176 
13641 
11884 
11232 
99999 
13120 
13228 
11642 
10870 
09845 
12493 
12870  ' 
11629 
10740/ 
09847 
11799 
12433" 
11541- 
10736 
09749.- 
11268  ' 
11974 
11277 
10424* 
0947<f*— 
10555' 
11697. 
11093 
10214 
09534. 
10561 
1 1702-- 
1093* 
10001 
0961C. 
070  R 
097  2(. 
03?8i 
0833  r.- 
0774/ 


General  tfotee?  1. 


Tho  decimal  1  -cation  l-een  iixiicated  by  the  vertical 
or.  tl«-  first  i-.-i.  e  of  tl.fo  table. 

v  .!.«•  »  !n  the  table  a™  followed  by  a  negative 


linos 


fi  *„  ui^n  V*.”  Vrw"  "  fz  *  w ■ 


t~- 


1-. 


k 


r" 


m 


l 


t- 


l: 


Code 

No. 


deg 


f* 

deg-Jtin 


ft 

sec 


FA?T 


TABLE  8 
c  (continued) 


Tube 

No. 


33/1 

00 

008 

26 

203 

33/1 

00 

008 

26 

20  3 

3  371 

CO 

006 

26 

203 

33/1 

00 

008 

26 

203 

3371 

00 

006 

26 

203 

33/1 

20 

006 

26 

2C3 

3371 

20 

008 

26 

203 

33/1 

20 

00b 

26 

203 

33/1 

20 

008 

26 

203 

33/1 

20 

008 

26 

203 

3371 

40 

008 

26 

203 

3371 

40 

008 

26 

203 

33/1 

40 

008 

26 

203 

3  3  71 

40 

008 

26 

203 

3371 

40 

008 

26 

203 

3371 

60 

008 

26 

203 

33  71 

60 

008 

26 

203 

3  j  7 1 

60 

008 

26 

203 

3371 

60 

008 

26 

203 

3371 

60 

008 

26 

203 

3371 

80 

008 

26 

203 

3371 

80 

008 

26 

203 

3371 

80 

008 

26 

203 

3  3/1 

80 

008 

26 

203 

3371 

80 

000 

26 

203 

3301 

00 

008 

26 

409 

3  301 

00 

008 

26 

409 

3  301 

00 

008 

26 

409 

3301 

00 

008 

26 

409 

3301 

00 

008 

26 

409 

3  301 

20 

008 

26 

409 

3  30  1 

20 

008 

26 

409 

3361 

20 

008 

26 

409 

3361 

20 

008 

-L 

4C9 

3  361 

20 

•jrsfi 

26 

4  09 

3381 

40 

008 

26 

409 

3  36  1 

wO 

008 

26 

409 

3  301 

40 

008 

2  6 

4  09 

3  361 

4  0 

008 

26 

4  09 

3381 

4  0 

008 

26 

409 

3  30  1 

6  0 

006 

26 

w09 

3301 

60 

008 

26 

409 

3301 

60 

008 

26 

409 

3)8  1 

C'O 

006 

26 

409 

3  36  1 

t.O 

006 

2  6 

409 

3)81 

b  U 

008 

2  b 

409 

Goner ftl  Nut 

i-8l  1 

.  Tl. 

i-  dec  lini 

on 

i  «l.e  Hr 

1 

2 

3 

4 


L 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 
3 
w 

6 
1 


deg 

lb 

77 

2  3679 

00091 

10209 

01313 

05147 

10252 

07877 

10092 

08770 

11106 

12390 

00170 

05638 

05718 

06712 

10084 

07925 

10272 

08348 

11317 

04803 

04400 

05289 

10324 

06826 

10588 

07248 

10768 

07524 

11264 

04704 

05797 

05438 

10663 

06507 

10757 

06854 

10768 

07418 

1  1095 

05449 

07412 

04572 

10917 

05918 

10757 

06660 

10768 

07563 

10673 

99999 

99999 

99999 

99999 

99999 

99999 

07432 

02280 

04806 

07586 

99999 

99999 

99999 

99999 

05428 

00378 

05241 

05104 

06831 

09281 

02582 

02238 

08073 

1  0334 

09823 

10630 

09784 

11255 

08976 

1  1900 

026C8 

0599b 

06680 

1 1224 

0797  1 

11219 

08058 

11540 

08009 

12023 

04158 

08285 

1 

1. 

<1 

a 

p  a 

deg 

deg  lb 

— 7 
ft 

lb 

— 2 
tv 

23127 

05682-  00090 

00083 

08159- 

06219-  01305 

01299 

03919 

03346-  10234 

10228 

03955 

06833-  10020 

10068 

02  210 

08495-  10984 

11097 

11877 

03632-  00169 

00166 

00117- 

05637-  05690 

05717 

03982 

05420-  10039 

10059 

03745 

07004-  10195 

10250 

01882 

08139-  11203 

11310 

03925- 

02777-  04394 

04369 

02943 

04403-  10293 

10310 

03490 

05880-  10532 

10568 

02865 

06668-  10695 

10754 

01086 

07446-  11169 

11262 

04047- 

02405-  05791 

05782 

02266 

04949-  10623 

10654 

02255 

06110-  10695 

10748 

01704 

06643-  10695 

10763 

00244 

07414-  11002 

11094 

04506- 

03077-  07401 

07389 

00300 

04562-  10882 

10916 

00429 

05903-  10699 

10756 

00052 

06660-  10695 

10768 

01165- 

07475-  10582 

10670 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

07377- 

00908-  02279 

02261 

ooooc 

04CC6-  07559 

07586 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

04623 

02857-  00377 

00376 

04981 

01639-  05101 

05084 

04678 

04999-  09245 

09250 

00439- 

02  545 

02235 

02237 

06841 

04327-  10304 

10260 

0759b 

06301-  10566 

10537 

06659 

07233-  11166 

11180 

04260 

07930-  11794 

11875 

02599- 

■  00205-  05995 

05989 

04405 

05041-  11180 

11191 

04681 

06479-  11147 

11182 

03719 

07168-  11450 

11516 

01817 

07805-  11911 

12017 

03667- 

•  01964-  08280 

08267 

i.tiC.lt.ed 

by  the  vertical 

lines 

H«-t;  «t-l  vii  v  il'n  8 


e  \»(  l  ll  in  i  I**  i  '  ® 

In  tl<e  t  ;.l.l«  are  Followed  t-y  ft  negative  sign. 


•-  J 


.*• 


PAST  c  (continued) 


Code 

No. 

a 

0 

V 

Tube  1 

No.  ° 

% 

St 

lf  qo 

3381 

3381 

deg 

eo 

deg-nin 

nnn 

ft 

Bee 

409 

2 

'  deg 

C5203 

lb 

J? 

11763 

deg 

01634 

deg  lb 

__  77 

04942-  11719 

lb 
— 7 
ft 

11758 

80 

008 

26 

409 

3 

06129 

11639 

01534 

05937-  11576 

11634 

3381 

80 

008 

26 

409 

4 

06684 

11571 

00959 

0681S-  11489 

11569 

3381 

80 

COB 

26 

409 

5 

07571 

11643 

00545- 

07552-  11541 

11641 

3391 

00 

008 

26 

614 

1 

99999 

95599 

99999 

99999  99999 

99999 

3391 

00 

008 

26 

614 

2 

99999 

99999 

99999 

99999  99999 

99999 

3391 

00 

008 

26 

614 

3 

15539 

00297 

14637 

05450  00295 

00287 

3391 

00 

008 

26 

614 

4 

99999 

99.999 

99999 

99599  99999 

99999 

3391 

op 

008 

26 

614 

5 

04771 

01180 

03422 

03332-  01178 

01177 

3391 

10 

008 

26 

614 

1 

99999 

99999 

99999 

99999  99999 

99999 

3391 

10 

008 

26 

614 

2 

99999 

95599 

99999 

99999  99999 

99999 

3391 

10 

008 

26 

614 

3 

99999 

99S99 

99999 

99999  99999 

99999 

3391 

10 

008 

26 

614 

4 

99999 

99999 

99999 

99999  99999 

99999 

3391 

10 

008 

26 

614 

5 

03342 

01894 

00129- 

03339-  01890 

01893 

3391 

20 

008 

26 

614 

1 

99999 

99999 

99999 

99999  59999 

99999 

3391 

20 

008 

26 

614 

2 

99999 

99999 

99999 

99995  59999 

99999 

3391 

20 

003 

26 

614 

3 

99999 

99999 

99999 

99999  99999 

99999 

3391 

20 

000 

26 

614 

4 

12928 

01022 

06224 

1 1415—  01001 

01016 

3391 

20 

008 

26 

614 

5 

03557 

07812 

08043 

02961-  07801 

07735 

3391 

30 

008 

26 

614 

1 

99959 

99999 

99999 

99999  99999 

99999 

3391 

30 

008 

26 

614 

2 

99999 

99999 

99999  ' 

99999  99999 

99999 

3391 

30 

008 

26 

614 

3 

15364 

05453 

14414 

06913-  05415 

05283 

3391 

30 

008 

26 

614 

4 

15597 

08105 

13773 

07609-  08037 

07875 

3391 

30 

008 

26 

614 

5 

12100 

11170 

092  53 

07933-  11065 

11027 

3391 

40 

008 

26 

616 

1 

16C84 

01454 

06340 

14859  01405 

01445 

3391 

40 

008 

26 

616 

2 

10638 

11224 

09464 

04945—  11103 

11072 

3391 

40 

008 

26 

616 

3 

12346 

11590 

10696 

07202-  11499 

11391 

3391 

40 

005 

26 

616 

4 

12491 

12216 

09540 

03212-  12094 

12050 

3391 

40 

008 

26 

616 

5 

10247 

13527 

05827 

08437—  15330 

13458 

3391 

50 

008 

26 

616 

1 

07459 

03225 

00445- 

07446  031S7 

03224 

3391 

50 

008 

26 

616 

2 

0SG76 

11859 

08380 

053D2-  11809 

11733 

3391 

50 

008 

26 

616 

3 

11446 

11903 

09011 

07i74-  11312 

11758 

3391 

50 

008 

26 

616 

4 

11083 

12465 

07827 

07945-  12347 

12351 

3391 

50 

008 

26 

616 

5 

09676 

13344 

04611 

03434-  13200 

13297 

3391 

60 

008 

26 

616 

1 

03139 

06334 

01204- 

02900  06325 

06332 

3391 

60? 

008 

26 

616 

2 

03212 

12325 

06193 

05436-  12270 

12253 

3391 

60 

008 

26 

616 

3 

09166 

12521 

06025 

06957-  12429 

12452 

3391 

60 

oca 

26 

616 

4 

09247 

12770 

05210 

07631-  12664 

12726 

3391 

60 

008 

26 

616 

C 

-/ 

08609 

13471 

02602 

06217-  13333 

i  3457 

3391 

70 

003 

26 

616 

1 

02455 

07981 

02055- 

01343  07978. 

07975 

3391 

70 

008 

26 

616 

2 

06875 

12664 

04023 

055?4*-  12604 

12633 

3391 

70 

C08 

26 

616 

3 

0756  4 

12647 

03948 

06456—  12566 

12617 

3391 

70 

008 

26 

616 

4 

07963 

12893 

03088 

07343-  127S7 

12874 

3391 

70 

008 

26 

616 

2 

0818  5 

13260 

01043 

08120-  13127 

13257 

3391 

80 

008 

26 

616 

1 

02971 

06699 

02611- 

01416  08696 

08690 

3391 

80 

008 

26 

616 

2 

06195 

12961 

C2648 

056CS-  12899 

12947 

General  Ho tea i  1 

.  Tho  decir.al 

location  hen  been  Iridicated  by  the  Tertlcal  lines 

on  Iht*  first  j  •••»(•«!  of  lit  in  table, 

2,  Negative  v  ilnt  8  In  U.e  tnble  bu-0  followed  by  b  negative  olgn. 


a 


Code 

a 

V 

No* 

deg 

dfcg-isitj 

ft  . 

sec 

3391 

c0 

006  26 

616 

3391 

00 

CCe  26 

616 

3391 

80 

006  26 

616 

3391 

90 

006  26 

616 

3391 

90 

006  26 

616 

3391 

90 

COS  26 

616 

3391 

90 

008  26 

616 

3341 

90 

006  26 

616 

3401 

00 

CC6  26 

000 

3401 

00 

008  26 

000 

3401 

CO 

GCB  26 

000 

1401 

00 

006  26 

000 

3401 

00 

GOB  26 

000 

PART  dj  Distance  behind  duct 

3161 

00 

008  16 

205 

3161 

00 

008  16 

205 

3161 

00 

008  16 

205 

3161 

CO 

008  16 

205 

3161 

00 

008  16 

205 

31ol 

20 

008  16 

205 

3161 

20 

008  16 

205 

3161 

20 

008  16 

205 

3161 

20 

008  16 

205 

3161 

20 

CCS  16 

205 

3161 

40 

008  16 

205 

3161 

40 

CC8  16 

205 

3161 

40 

008  16 

205 

3161 

40 

008  16 

205 

3161 

40 

G08  16 

205 

3161 

60 

008  16 

205 

3161 

60 

COB  16 

205 

3161 

60 

ooe  15 

205 

3161 

60 

008  16 

205 

3161 

60 

006  16 

205 

3161 

80 

005  16 

205 

3161 

80 

0C6  16 

205 

3161 

60 

008  16 

205 

3161 

60 

COB  16 

205 

3161 

90 

008  16 

205 

3171 

00 

003  16 

408 

3171 

00 

006  16 

408 

3171 

00 

COB  16 

408 

3171 

00 

ooe  16 

u08 

3171 

CO 

006  16 

*♦08 

3171 

20 

006  16 

408 

3171 

20 

003  16 

•♦08 

3171 

20 

008  It 

408 

7*3 

L-.  £  P'.fiT  d 

Tube 

1 

0 

% 

1 

a 

«o* 

deg 

lb 

deg 

ft* 

3 

06750 

1  3026 

02375 

u 

07622 

12795 

01713 

5 

07995 

13289 

00012 

1 

05486 

1  0292 

05454- 

2 

05615 

13257 

00328- 

3 

06311 

12942 

00625- 

u 

068b4 

12837 

00980- 

5 

08271 

12753 

02442- 

1 

C6145 

07886 

05270- 

2 

05284 

10790 

01101- 

3 

05908 

10588 

00986- 

4 

06428 

10673 

01444- 

5 

07768 

10462 

024D7- 

deg 


lb 

7? 


06325- 

07431- 

07995- 

00598 

05606- 

06281- 

06795- 

07932- 

03178- 

05169- 

05826- 

06266- 

07394- 


12946 

12687 

13159 

10291 

13193 

12864 

12746 

12631 

07873 

10746 

10533 

10609 

10375 


exit  “5.50  inches;  p  -  18  degrees 


1 

2 

3 

5 

1 

2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 
3 


4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 
3 


99999 

16773 

07305 

10304 

09097 

99999 

04676 

09490 

08960 

08047 

02499 

07804 

07224 

05876 

05863 

01228 

05947 

04838 

04069 

04678 

02779 

04279 

03276 

03159 

04295 

99999 

99999 

99999 

19589 

11145 

99999 

99999 

99999 


99999 

00172 

04423 

08111 

08129 

99999 

01739 

07541 

08137 

08036 

01397 

08281 

08762 

08332 

08155 

02585 

09640 

09099 

08493 

08155 

04361 

09715 

09184 

08442 

08113 

99909 

99999 

99999 

01031 

03515 

99999 

99999 

99999 


99999 

15493 
06330 
09655 
08659 
99999 
03718 
09147 
08596 
07568 
01078 
07365 
06756 
05127 
04860 
00769- 
05533 
04128 
02924 
02766 
00713- 
03687 
02105 
01014 
01394 
99999 
99999 
99999 
02953 
09457 
99999 
99999 
99999 


99999 

06748- 

03675 

03666 

02832 

99999 

02844 

02571 

02565 

02767 

02255- 

02609 

02581 

02885 

03295 

00958- 

02193 

02532 

02834 

03773 

02686- 

02178 

02512 

02992 

04064 

99999 

99999 

99999 

19397 

06005 

99999 

99999 

99999 


3b 

7? 


13014 

12789 

13289 

10245 

13256 

12941 

12835 

12741 

07852 

10788 

10586 

10669 

10452 


99999 
00170 
04413 
03094 
08119 
99999 
01736 
07533 
03129 
08026 
01395 
03272 
0B753 
08321 
08141 
02584 
09633 
09090 
08482 
08137 
04356 
09708 
09175 
08430 
08092 
99999 
99999 
99999 
-  00972 
03496 
99999 
99999 
99999 


99999 

00165 

04396 

07996 

08036 

99999 

01735 

07445 

08045 

07966 

01396 

08212 

08701 

08298 

00125 

0258- 

09595 

09075 

06401 

08145 

04360 

09694 

09177 

08440 

08110 

99999 

99999 

99999 

01029 

03467 

99999 

99999 

99999 


General  No  tea  *  1.  The  decim 

.  i,  t:.<-  ri 

2.  Ix-fc  .Vive 


4l  1, cation  Wen  Indicated  by  the  vertical  lines 

1st  | 'it  K  of  «•  in  table. 

values  in  the  table  are  followed  by  a  negative  sign* 


7*5LE  £ 

FXRT  3  (essltettrf) 


deg  deg-mln  ft 
eee 


3171 

3171 

3171 

3171 

3171 

3171 

3171 

3171 

3171 

3171 

3171 


008  16 
008  16 
008  16 
008  16 
008  16 
008  16 
008  16 
008  16 
003  16 
008  16 
008  16 


3171 

60 

008 

16 

3171 

80 

008 

16 

3171 

80 

008 

16 

3171 

80 

008 

16 

3171 

80 

008 

16 

3171 

80 

008 

16 

3131 

00 

008 

16 

3181 

00 

008 

16 

3131 

00 

008 

16 

3181 

00 

008 

16 

3181 

00 

008 

16 

3181 

10 

008 

16 

3181 

10 

008 

16 

3181 

10 

008 

16 

3181 

10 

008 

16 

3181 

10 

008 

16 

3181 

20 

0G8 

16 

3181 

20 

008 

16 

3181 

20 

003 

16 

3181 

20 

008 

16 

3181 

20 

008 

16 

3181 

30 

00B 

16 

3101 

30 

003 

16 

3181 

30 

008 

16 

3131 

30 

008 

16 

3181 

30 

008 

16 

3181 

40 

008 

16 

3181 

40 

008 

16 

3181 

40 

008 

16 

3181 

40 

008 

16 

3181 

40 

008 

16 

3181 

50 

008 

16 

3181 

50 

008 

16 

3131 

50 

008 

16 

3181 

50 

008 

16 

General  Notes i  3 

..  T 

408 

408 

408 

408 

408 

408 

408 

408 

408 

408 

408 

408 

408 

408 

408 

408 

403 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

615 

616 
616 
616 
616 


*c 

v 

*? 

deg 

lb 

7? 

deg 

deg 

14675 

01203 

13513 

0594 0— 

14338 

05497 

13383 

05337 

99999 

99999 

99999 

99999 

13368 

C3661 

13302 

01371 

14551 

C5984 

14459 

01711 

13157 

06966 

13031 

01878 

11946 

08183 

11560 

03094 

10872 

01706 

10353 

03391 

10078 

08616 

09921 

01811 

09215 

09095 

08  V20 

02352 

07642 

08717 

07209 

02561 

07692 

08666 

07061 

03082 

03813 

04278 

03637 

01146“ 

05885 

10144 

05481 

02157 

04736 

09516 

03957 

02610 

04363 

08911 

02881 

03281 

04995 

C3531 

02912 

04065 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

02399 

00000 

02314- 

00633 

99999 

59999 

99999 

99999 

99999 

99999 

99999 

99999 

95999 

99999 

99999 

99999 

99599 

39959 

99999 

95999 

99999 

99999 

99999 

99999 

99999 

99995 

99999 

99999 

93999 

99999 

99999 

59999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

16587 

02065 

13583 

09802- 

99999 

539S9 

99999 

99959 

2  99999 

3  99999 

et  27086 
5  20350 

1  99999 

2  25763 

3  21094 

*»  19616 

5  16620 

1  23073 

2  13267 

3  13836 

4  12363 


99999 
99999 
03433 
06014 
99999 
02842 
05150 
C7265 
08478 
02640 
09067 
102  08 
C9673 


99999 

99999 

26908 

20349 

99999 

25537 

21093 

19613 

16570 

22313 

13249 

13762 

12080 


99999 

99999 

03606- 

0G189- 

99999 

03501- 

00156 

00371 

01354 

06514 

00731 

01925 

02707 


lb 

77 

ft 

01196 

05474 

99999 

03660 

05981 

06962 

08171 

01703 

08611 

09087 

03708 

08653 

04277 

10136 

09506 

08896 

08509 

99999 

99999 

99999 

99999 

AnrtAn 

OWWWW 

S35S9 
99999 
99999 
59999 
99999 
99999 
99999 
99999 
99999 
•  C2C33 
99999 

99999 
99999 
■  03427 

-  06013 
99999 

-  02S36 
06149 
07264 
08475 
C2625 
09066 
10202 
09662 


on  It.f 

2, 


Imal  1-  cation  h«J  been  Indicated  by  iba  vertical 
f Irat  i -are  of  thin  table. 

„  ytl.i<  e  In  11.4  table  .ire  follot/ed  t»j  a  negative 


01169 

0534® 

99999 

03562 

05794 

06786 

08017 

01678 

08487 

08SS5 

0864® 

08603 

04269 

10097 

09493 

08899 

0S519 

99959 

99999 

99999 

99999 

QQOCO 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99599 

02003 

99999 

99539 

99999 

03GS2 

05633 

99999 

02565 

05737 

06263 

03126 

02444 

QBS25 

09915 

05459 

lines 


TA 3LE  6 

fA-T  d  (continued) 


¥ 


s 


ifjj 


I 


Code 

No. 


deg  dcg-i*ln  ft 
sec 


3181 

3131 

*161 

3181 

3131 

3131 

3181 

3181 

3181 

3181 

3181 

3181 

3131 

3181 

3181 

3181 

3181 

3181 

3161 

3181 

3181 

3191 

3191 

3191 

3191 

3191 

3081 

3081 

3081 

3081 

3081 

3081 

3081 

3001 

3081 

3081 

3081 

3081 

3081 

3081 

3081 

3081 

3081 

3081 

3081 

3081 


50 

60 

60 

60 

60 

60 

70 

70 

70 

70 

70 

80 

80 

80 

80 

80 

90 

90 

90 

90 


008  16 
008  16 
003 
008 


16 

16 


008  16 
008  16 


008  16 
008  16 


008  15 


008  16 
008  16 


008  16 
008  16 


008  16 
008  16 


008  16 
008  16 


008  16 
008  16 


vu 

00 
00 
00 
00 
00 
00 
00 
00 
00 
00 
20 
20 
20 
20 
20 
40 
40 
40 
4  0 
40 
60 
60 
60 
60 
60 


008  16 
008  16 
008  16 


008  16 
008  16 
008  16 
008  16 
089  40 
089  40 
089  AO 
089  40 
089  40 
089  40 
089  40 
009  40 
099  40 
089  40 
089  40 
009  40 
09 9  40 
089  40 
099  40 


089  40 
089  40 


089  40 
099  40 
089  40 


616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

616 

000 

000 

000 

000 

000 

204 

204 

204 

204 

204 

204 

204 

204 

204 

204 

2C4 

204 

204 

204 

204 

204 

204 

204 

204 

20* 


Tube 

No. 


deg 


lb 

77 


a 

deg 


deg 


4 

5 


5  10250 

l  19637 
11760 
11875 
10217 
08428 
1  10845 

09593 
08464 
07270 
06706 
!  06502 

07020 
05461 
05011 
05359 
\  03981 

04931 
03316 
03542 
04360 

1  05675 

2  01973 
02487 
0384  3 
04568 

1  20305 

2  13870 
13993 
1  5432 
1  4608 

1  12573 

2  10485 
11168 
12781 
13130 


2 

3 

4 

5 


3 

4 

5 


3 

4 

5 


09997 

00393 

09941 

10336 

09804 

10071 

03966 

10696 

10526 

09944 

09850 

05438 

11205 

10779 

09713 

09671 

06600 

11448 

10863 

09882 

09291 

05772 

09531 

09010 

08235 

07517 

11375 

11079 

09658 

08934 


09853 
19029 
11667 
11673 
09853 
07925 
10665 
09406 
08135 
06738 
05859 
06461 
06710 
04795 
03882 
03789 
03765 
04571 
02348 
01398 
01444 
01292- 
00890 
00345- 
01687- 
01474- 
0  5  P  5 1  - 
08744 
10693 
12983 


02881 

05227 

01518 

0224i 

02758 

02907 

02011 

01917 

02371 

02753 

03285 

00736- 

02081 

02625 

03178 

03800 

01297- 

01857 

02344 

03256 

04116 

05528- 

01761 

02462 

03455 

04326 

19572- 

10933- 

09236- 

0R632- 


5> 

lb 

lb 

ft 

ft* 

0998* 

098*9 

00391 

00371 

09937 

09735 

10328 

10122 

09792 

09659 

10058 

09975 

03963 

03897 

10690 

10532 

10517 

10420 

09932 

09875 

09833 

09798 

05437 

05*03 

11197 

11128 

10767 

107*1 

09698 

09690 

09649 

096*9 

C6606 

06593 

11*42 

11*11 

10353 

10853 

09866 

09879 

09267 

09288 

05745 

05770 

09526 

09529 

09001 

09009 

08220 

08231 

07495 

07514 

10723 

11322 

■  10882 

10954 

■  09536 

09494 

3 

4 

5 


j  09764 


2 

■3 

J 

4 

5 

1 

2 
■» 

4 

5 


00084 
C  8  4  2  4 
10552 
1  0’8  3 
06467 
05*20 
057P6 
07454 
Q7999 


General  No  tee  i  1.  Tl.o  drc 

>»(•  tii> 
2.  Neg.tlv 


fir.-t  t  t?  of  thin  l-iM'*. 

wl.-  o  U.«  t are  followed  by  a  nega-ive 


07933 

13186 

06514-  1 

09547 

06910- 

10605-  1 

10400 

08515 

06208- 

09620 

09622 

05778— 

04177 

11145 

C6417- 

0B07? 

12054 

0*362- 

08650 

07413- 

06426- 

10*26 

0748  4 

0304?- 

09604 

07735 

07378- 

0070° 

09744 

041 ?9— 

00090 

09061 

03315- 

0807? 

0*031- 

04033— 

1  0049 

0574? 

013°9- 

00*50 

0*481 

01864- 

0  06  7  * 

06966 

02679- 

07021 

07762 

0iQ*6- 

3  i f’d iC a 

by  tha  ve 

08837 

07B84 

09435 

10845 

09771 

0*3081 

C8P3B 

08  596 

10510 

C°667 

09696 

C  9  076 

08051 

1004  5 

09*53 

C  5  6  6  5 

07816 


line8 


algn. 


08710 

07726 

09529 

10789 

C9683 

08966 

07895 

08578 

10436 

09596 

08503 

07970 

08041 

10005 

09514 

08611 

07749 


•  fl 


,  V ..  * 

•  r.«  \ 


■j 

2 


* 


TABLE  C 

PATtT  d  (continued) 


Code 

No. 


deg  deg-min 


)081  80 
;C81  80 

3081  80 
3081  80 
3081  80 
3091  00 

3091  00 

3091  00 

3091  00 

3091  00 

3091  20 


091 

091 

i091 

1091 

1091 

1091 

>091 

>091 

>091 

3091 

3091 

3091 

3091 

3091 

3091 

3091 

3091 

3091 


L  01 


L  0 1 
l  01 
L  01 
L  01 

101 

101 

101 

101 

101 


089  AO 
089  40 
089  40 
009  40 
089  40 
089  40 
089  40 
089  40 
089  40 
089  40 
089  40 
089  40 


ft 

sea 

204 

204 

204 

204 

204 

407 

407 

407 

407 

407 

407 

407 


20 

089 

40 

407 

20 

089 

40 

407 

20 

089 

40 

407 

40 

009 

40 

407 

40 

089 

40 

407 

40 

089 

40 

407 

40 

089 

40 

407 

40 

089 

40 

407 

60 

089 

40 

407 

60 

089 

40 

407 

60 

089 

40 

407 

60 

089 

40 

407 

60 

089 

40 

407 

80 

oe9 

40 

407 

80 

089 

40 

407 

80 

089 

40 

407 

80 

089 

40 

407 

80 

089 

40 

407 

00 

099 

40 

616 

00 

089 

40 

616 

00 

0,89 

40 

616 

00 

089 

40 

616 

00 

089 

40 

616 

10 

089 

40 

616 

10 

089 

40 

616 

10 

089 

40 

616 

10 

089 

40 

616 

10 

089 

40 

516 

20 

089 

40 

617 

20 

089 

40 

617 

20 

0  [> 

40 

617 

20 

0tl9 

40 

617 

20 

089 

40 

617 

30 

089 

40 

617 

Tube 

No. 


2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 


deg 


01 

ibral  No  tea  1 


03271 
02835 
03420 
04187 
04691 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
21003 
20852 

3  19271 

4  21089 
21849 
12022 
10781 
11281 
1279''' 
13271 
05659 
04904 
05690 
C7105 
07247 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 


<» 

3 

1 

2 

3 

4 

5 
1 
2 

3 

4 

5 
1 
2 

3 

4 

5 
1 


lb 

07786 
10124 
09389 
08657 
07855 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
9999? 
09510 
10468 
10130 
09617 
08554 
09763 
10775 
10110 
09388 
08608 
08357 
10764 
10016 
09305 
08493 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99099 
9999? 
99V99 
99999 
99999 
99999 


deg 


*» 

deg 


01987 
02829 
03382 
04049 
04649 
99999 
99999 
99999 
9999  9 
99999 
99999 
99999 
99999 
99999 
99999 
17414- 
18959 
17925 
1  9093 
21257 
10642- 
10266 
10826 
12250 
13048 
05339- 
04900 
05671 
07003 
07240 
99999 
99999 
09999 
99,999 

P9999 
99999 
99999 
99999 
9  9999 
99999 
00999 
99999 
99999 
99999 
9999? 
99999 


-  02600- 
00184- 
00509- 
01067- 
00633- 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
12484- 
09343- 
07558- 
07286- 
08547- 
05724- 
03365- 
03246- 
03816- 
02510- 
01886- 
00208 
00464- 
01215- 
00336- 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
99999 
09999 
09999 
99999 
99999 
99999 


lb 

lb 

* 

— 2 
n  \ 

"•V- 

07778 

07781  •>; 

10123 

10111 

• 

09388 

09372  ‘ 

08655 

08635 

07854 

07829  ’ 

99999 

90999 

■ 

99999 

99999 

99999 

99999 

99999 

99999  7 

99999 

99999 

W 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

09304 

09093  r- 

Mk 

10343 

09913  i«> 

W 

10050 

09646  £■; 

09548 

09045  !>• 

08519. 

07976  V/ 

09715 

09596 

10756 

10603 

10094 

09930  It 

mk 

09368 

09175  l 

W 

08400 

08191  . 

w  • 

03352 

08320  v 

10763 

10724  V 

10015 

09966 

09302 

09235 

08492 

08425  p- 

99999 

99999  L- 

99999 

99999 

99999 

99999 

99999 

99999  \ 

.■ 

99999 

99999  >•] 

99999 

99999 

99999 

99999 

mk 

99999 

99999  _ 

w 

99999 

99999 

99999 

99999  >; 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999  p 

mk 

99999 

99999  — 

W 

99999 

99999 

1. 


•  l  Mill  *  *  . . 

on  tbe  flint  | oT  thin  table. 

H-gatlv.t  v.d«.:D  In  ih«  table  are  followed  by 


vortical  lines 
negative  sign. 


PkRT  d  'continued) 


3101 
3101 
3101 
3101 
3101 
3101 
3101 
3101 
3101 
3101 
3111 
3111 
3111 
3111 
3111 
3001 
3  0  <  •  1 
3001 
3001 
3001 
30»1 
3001 


deg  deg-»*ln  ft 
860 


617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

617 

000 

000 

000 

000 

000 

?05 

205 

205 

205 

205 

205 

205 


3101 

30 

089 

40 

3101 

30 

089 

40 

3101 

3C 

089 

40 

3101 

30 

089 

40 

3101 

40 

089 

40 

3101 

40 

089 

40 

3101 

40 

089 

40 

3101 

40 

089 

40 

3101 

40 

089 

40 

3101 

50 

089 

40 

3101 

50 

089 

40 

3101 

50 

089 

40 

3101 

50 

089 

40 

3101 

50 

089 

40 

3101 

60 

0B9 

40 

3101 

60 

089 

40 

3101 

60 

0B9 

40 

3101 

60 

089 

40 

3101 

60 

089 

40 

3101 

70 

089 

40 

3101 

70 

089 

40 

3101 

70 

089 

40 

3101 

70 

OB9 

40 

3101 

70 

089 

40 

0B9  40 
009  40 
009  40 
089  40 
089  40 
0B9  40 
0B9  40 
089  40 
0B9  40 
0B9  40 
089  40 
089  40 
089  40 
089  40 
166  46 
166  46 
166  46 
166  46 
166  46 
166  46 
166  46 


deg 

lb 

deg 

T 77 

ft 

2 

99999 

99999 

99999 

3 

99999 

99999 

99999 

4 

99999 

99999 

99999 

5 

99999 

99999 

99999 

1 

26801 

11976 

23649- 

2 

27959 

13124 

26254 

3 

25756 

11780 

24458 

4 

27657 

1  1456 

2667? 

5 

99999 

99999 

99999 

1 

20492 

11699 

18397- 

2 

20587 

12350 

19458 

3 

20086 

11423 

19078 

4 

22057 

10791 

21171 

5 

23424 

09736 

23096 

1 

16968 

11000 

15781- 

2 

14315 

12162 

13796 

3 

14690 

11550 

14269 

4 

16696 

10575 

16211 

5 

17044 

09404 

16B21 

1 

13610 

09730 

13026- 

2 

10150 

12217 

10062 

3 

10976 

11627 

1086? 

4 

12789 

10583 

12574 

5 

12805 

09545 

12756 

1 

11418 

08228 

11342- 

2 

07414 

12175 

07363 

3 

07979 

1 14B9 

07979 

4 

0935  7 

103B3 

09301 

5 

09347 

09601 

09342 

1 

04272 

08467 

041 78- 

2 

03839 

11066 

03732 

3 

04403 

11194 

0440? 

4 

05359 

09971 

0530B 

5 

04954 

09455 

04047 

1 

05647 

06533 

04699 

2 

009  7  5 

09907 

00805 

3 

01462 

09268 

01426 

4 

01715 

08433 

01537 

5 

01670 

07632 

01639 

1 

00506 

10340 

00490 

?  02510 

3  03912 

i,  04803 
5  0551  6 
2  00523 

2  03294 


11007 

0993? 

08991 
07049 
0  9  H  7  4 
1  0595 


02176 

02672 

01206 

00439 

00690 


99999 

99999 

99999 

99999 

34134- 

11093- 

09141- 

08490- 

99999 

09672- 

07271- 

06770- 

067B8- 

04361- 

06559- 

03971- 

03643- 

04217- 

02910- 

04081- 

01365- 

01616“ 

02410- 

01149- 

01345- 

00877 

00038 

01045- 

00323- 

00897- 

00903 

00107- 

00741- 

00262- 

03145- 

00551 

00326- 

00760- 

00324- 

00128 

02385 

03254 

03997 

-  05386 

-  00283- 
03221 


% 

*9 

lb 

lb 

77 

— n 

ft 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

99999 

11669 

11023 

12925 

11812 

11655 

10746 

11355 

10259 

99999 

99999 

11548 

11116 

12261 

11654 

11351 

10803 

10725 

10071 

09712 

08959 

10933 

10590 

12134 

11812 

11528 

11195 

10548 

10156 

09392 

09002 

097C6 

09480 

12213 

12029 

11622 

■  10574 

•  09543 

-  08225 
12173 
11488 

-  103B1 

-  09600 

•  0B465 
11864 

-  11193 

-  09970 

-  09454 

-  06523 
09906 

-  09267 

-  08432 

-  07631 
10339 
10997 
09915 
06969 
07017 

-  09B73 
10578 


11418 

10329 

09309 

08067 

12074 

11377 

10246 

09473 

08444 

11840 

11160 

09928 

09419 

06511 

09906 

09265 

08429 

07628 

10339 

11005 

09924 

08981 

07047 

09B73 

10594 


General  fjoteoi  1*  Tin'  dec 
»>ll  tin 
2.  Ui-gltlV 


li<cntton  baa  been  Indicated  by  the 
flint.  |  of  to  in  t  able. 

,i  v..l*i-o  In  U‘«'  table  are  followed  by  a 


vertical  linos 


negative 


TASLf  e 

PART  d  (continued) 


I 


n 


E 


m 


if. 


t’-' 


K;-:. 


Code 

No. 


a 

deg 


deg- win 


ft 

eeo 


3001 

3001 

3001 

3001 

3001 

3001 

->001 

3001 

3001 

3001 

3001 

3001 

3001 

3001 

3001 

3001 

3001 

3001 

3011 

3011 

3011 

3011 

3011 

3011 

3011 

3011 

3011 


20 

20 

20 

AO 

AO 

AO 

AC 

AO 

60 

60 

60 

60 

60 

80 

80 

80 

80 

80 

00 

00 

00 

00 

00 

20 

20 

20 

20 


166  *6 
166  A6 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66. 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 
166  66 


205 

205 

205 

705 

205 

205 

205 

205 

205 

205 

205 

205 

205 

205 

205 

205 

205 

205 

610 

610 

610 

610 

610 

610 

610 

610 

610 


3011 

20 

166 

46 

41U 

3011 

40 

166 

46 

410 

3011 

40 

166 

46 

A10 

3011 

40 

166 

46 

410 

3011 

A0 

166 

46 

410 

3011 

AO 

166 

46 

410 

3011 

60 

166 

46 

410 

3011 

60 

166 

46 

410 

3011 

60 

166 

46 

410 

3011 

60 

166 

46 

410 

3011 

60 

166 

46 

410 

3011 

80 

166 

46 

410 

3011 

80 

166 

46 

410 

3011 

80 

166 

46 

410 

3011 

80 

166 

46 

410 

3011 

80 

166 

66 

410 

3021 

00 

166 

46 

618 

3021 

30 

166 

46 

618 

3021 

00 

166 

46 

618 

Tube  *  1 


Ko« 


deg 


3  0A36A 

A  05313 
5  05787 

1  01262 
03606 
06561 
05662 
05887 
1  01761 

03682 
06376 
05333 
05525 
1  01672 

03607 
06103 
06889 
05167 


2 

3 

6 

5 


2 

3 

6 

5 


1  06809 


2 

3 

6 

5 

e 

1 

2 

3 

6 
5 
1 
2 
3 


08675 
10807 
11689 
09998 
06336 
081 06 
09391 
10171 
07898 
06397 
05053 
06306 
A  07397 
5  06618 

05262 
06837 
05828 
06607 
06002 
01299 
03976 
06881 
05962 
05780 
26875 
27762 
26617 


1 

2 

3 

A 

5 

1 

2 

3 

A 

5 

1 

2 

3 


lb 

7? 

09721 
08535 
07598 

C0O66 

10625 
09669 
0866? 
07598 
09687 
10086 
0925B 
08650 
07671 
08966 
10066 
09090 
08357 
07513 
13360 
12226 
09936 
08620 
0350e 
12902 
12126 
10179 
08669 
051 1C 
12166 
11521 
10263 
09066 
06968 
11818 
11309 
10179 
09122 
07601 
10706 
10P85 
09969 
08995 
07678 
17780 
11699 
08615 


deg 


deg 


01532 
02095 
00696- 
00636- 
00626 
01627 
01722 
00506- 
00817- 
00301 
01358 
01517 
00835- 
01635- 
00679- 
00689 
00985 
00823- 
06806 
08633 
10686 
11610 
00860- 
06296 
07958 
09068 
09600 
00675- 
06396 
06595 
05666 
05736 
00577 
05186 
03668 
06768 
06261 
01136 
012B6 
021C6 
03060 
03286 
008  8  * 
2’5118 
2  37  2  A 
?  6  A  1  1 


06088 
06886 
05766 
01067- 
03377 
06333 
05166 
05866 
01068- 
03669 
061  59 
05115 
05662 
00327 
03563 
06076 
06790 
05082 
00178- 
0086A 
01667 
02606 
09966 
00717 
01559 
02683 
03955 
07886 
00113 
02110 
03198 
06701 
06392 
00782- 
02939 
03873 
05086 
05895 
00181 
03373 
03826 
06962 
05712 
10253- 
01062 
00617 


lb 
— *r 
ft* 

09696 
08504 
07559 
08062 
10606 
09661 
08626 
07558 
09681 
10067 
09233 
00616 
07637 
08965 
10024 
09066 
08327 
07A83 
13339 
12124 
09931 
08411 
03455 
12901 
12121 
10169 
08628 
05061 
12163 
11513 
10247 
09015 
06924 
11816 
11294 

10155 
09086 
07560 
10705 
10867 
09946 
08961 
07639 
13099 
11697 
00616 


"f 


It) 

— 2 

n 


09717 
08529 
07597 
08063 
10424 
09466 
08658 
07597 
09482 
10085 
09255 
08447 
C7470 
08963 
10043 
09089 
08355 
07512 
13266 
11988 
09763 
08253 
03507 
12824 
12009 
10051 
08533 
05109 
121C8 
11434 
10216 
09001 
06967 
11769 
11283 
10149 
09097 
07599 
107C3 
10878 
09955 
08980 
07677 
12243 
10527 
07864 


Genere 


The  deciranj  . . 

■ie~ 


•v-aN-V'  v 


vl-J 


ir  -  f  rtv  fri  ft — render*  i  r* 


V  o  o. 


",  .  •  .  ' 
Sm 


_r./  ~ *r  x 


X.v/ 

/-•/ 

•J  .  .  •  •  .-**.,* 

.  -  . 

«  -  i 

-  - . 

• 

• 

• 

m 

V*  •  ■%.*  *%.“ 

■ 

• 

• 

• 

•  „*•  * 

.  “*  h 

v  \H 

Uh. »  /j a  ,T  A,  fl  J* .  ~vv  M.J., 


TA3LE  8 

PART  d  (continued) 


Code 

No. 

a  0 

V 

Tube 

No. 

1 

0 

% 

1 

a 

S 

“a 

"t 

deg  deg-aln 

ft 

deg 

lb 

deg 

deg 

lb 

lb 

sec 

f? 

77 

7? 

3021 

00 

166 

46 

618 

4 

22369 

Of  985 

22  2  58 

02474 

05980 

05539 

3021 

00 

166 

46 

618 

5 

99999 

99999 

99999 

99999 

99999 

99999 

3021 

10 

166 

46 

618 

1 

21374 

13484 

19975 

08257- 

13360 

12680 

3021 

10 

166 

46 

618 

2 

21098 

11582 

21065 

01281 

11579 

10808 

3021 

10 

166 

46 

618 

3 

21336 

08773 

21254 

02053 

08768 

08176 

3021 

10 

166 

46 

618 

4 

19132 

07124 

18760 

04039 

07108 

06747 

3021 

10 

166 

46 

618 

5 

15963 

03127 

03628 

15585 

03012 

03121 

3021 

20 

166 

46 

616 

1 

17317 

14136 

16616 

05160- 

14083 

13550 

3021 

20 

166 

46 

618 

2 

17437 

12137 

17429 

00584 

12136 

11579 

3021 

20 

■1 66 

46 

618 

3 

17460 

09610 

17311 

02421 

09602 

09175 

3021 

20 

166 

46 

618 

4 

17159 

07986 

16627 

04489 

07963 

07654 

3021 

20 

166 

46 

618 

5 

12099 

04911 

02574 

11837 

04806 

04906 

3021 

30 

166 

46 

618 

1 

12905 

14650 

12300 

01695- 

14643 

14286 

3021 

30 

166 

46 

618 

2 

13096 

12793 

13093 

00310- 

12792 

12460 

3021 

30 

166 

46 

618 

3 

13127 

10594 

12986 

01987 

10587 

10323 

3021 

30 

166 

46 

618 

4 

13244 

09004 

12755 

03684 

08986 

08782 

Jot-  1 

3021 

30 

166 

46 

618 

5 

0Oi05 

05999 

02182 

09157 

05922 

05994 

3021 

40 

166 

46 

621 

1 

08836 

13700 

08631 

01916 

13692 

13545 

3021 

40 

166 

46 

621 

2 

07252 

12925 

07251 

00059 

12925 

12821 

3021 

40 

166 

46 

621 

3 

08329 

11477 

08008 

02317 

11467 

11365 

v3021 

40 

166 

46 

621 

4 

09179 

09991 

08095 

04384 

09962 

09891 

3021 

40 

166 

46 

621 

5 

07070 

07597 

02158 

06739 

07544 

07591 

3021 

50 

166 

46 

621 

1 

08135 

14111 

08085- 

00917 

14109 

13970 

3021 

50 

166 

46 

621 

2 

06871 

13433 

06824 

00805 

13431 

13337 

3021 

50 

166 

46 

621 

3 

07989 

11561 

07579 

02556 

11549 

1 1460 

3021 

50 

166 

46 

621 

4 

08918 

10150 

07752 

04462 

10119 

10057 

3021 

50 

166 

46 

621 

5 

07055 

07640 

02466 

06619 

07589 

07633 

3021 

60 

166 

46 

621 

1 

07411 

13205 

07396 

00468- 

13204 

13095 

3021 

60 

166 

46 

621 

2 

07473. 

12798 

07264 

01771 

12791 

12695 

3021 

60 

166 

46 

621 

3 

08402 

1  1309' 

07717 

03364 

11289 

11206 

3021 

60 

166 

46 

621 

4 

09083 

10076 

07566 

05085 

10037 

09988 

3021 

60 

166 

46 

621 

5 

06908 

07682 

02283 

06526 

07632 

07675 

3021 

70 

166 

46 

621 

1 

05236 

1  3420 

05195 

00658- 

13419 

13364 

3021 

70 

166 

46 

621 

2 

06781 

12798 

06370 

02345 

12787 

12719 

3021 

70 

166 

46 

621 

3 

08224 

11098 

07347 

03736 

11074 

11007 

3021 

70 

166 

46 

621 

4 

09153 

09949 

07519 

05279 

09907 

09864 

3021 

70 

166 

46 

621 

5 

07138 

07893 

02660 

06633 

07840 

07884 

3021 

80 

166 

46 

621 

1 

0442  3 

13111 

04389 

00550- 

13110 

13072 

3021 

60 

166 

46 

621 

2 

0569? 

1  2671 

05115 

02508 

12658 

12620 

3021 

80 

166 

46 

621 

3 

07099 

11056 

06081 

03691  • 

11033 

10994 

3021 

80 

166 

46 

621 

4 

08549 

09727 

06815 

05211 

09687 

09658 

3C21 

60 

166 

46 

621 

5 

06891 

08104 

02775 

06317 

08054 

08094 

3021 

90 

166 

46 

621 

1 

03090 

11957 

02789 

01332 

11953 

11942 

3021 

90 

166 

46 

621 

2 

03758 

12150 

02776 

02536 

12138 

12135 

3021 

90 

166 

46 

621 

3 

05050 

1  0804 

03770 

03369 

10785 

10780 

J021 

90 

166 

46 

621 

4 

06769 

09591 

04478 

05096 

09553 

09561 

General  Notes*  1.  TJio  decimal  l.-c.illon  lees  been  Indicated  by  tha  vortical  lines 
4>ti  I  tit*  f  1  t’ti  t.  |  '/4j  *r?  of  tliirt 

2m  Negative  vtlii.o  in  flics  L*')!*  are  followed  by  a  negative  sign. 


PAST  d  (continued) 


Code 

No. 

a 

deg 

* 

dog-sin 

9 

ft 

sec 

Tube 

No. 

-1. 

deg 

3021 

90 

166  46 

621 

5 

06415 

3031 

00 

166  46 

000 

1 

0213  7 

3031 

00 

166  46 

000 

2 

03727 

3031 

00 

166  46 

000 

3 

04060 

3031 

00 

166  46 

000 

4 

04292 

3031 

00 

166  46 

000 

5 

05105 

% 

1 
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